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I. Abstract
[Placeholder - do not put anything here until the final draft submission. The abstract in the project summary is where the working draft of the abstract should “live”]

Keywords
Lake Victoria, weather, hazardous storms, natural disasters, Earth observations	Comment by Arya, Vishal (LARC)[DEVELOP]: Some of these keywords are already in your short title, which can be queried. As a result, consider replacing some of these words with others such as MERRA, Aqua, Hazardous Storm Event Database, early storm warning system, etc. This will make your keywords section more effective. 
[bookmark: h.gjdgxs]II. Introduction

The African Great Lakes region spans Eastern Africa’s Great Rift Valley, including parts of sovereign states such as Kenya, Tanzania, Uganda, Burundi, Rwanda, and the Democratic Republic of the Congo. These lakes significantly influence regional climatic conditions. Lake Victoria, one of the Great Lakes, is the second largest freshwater lake in the world in terms of surface area, and it serves a vital economic role for the 30 million people living along its coastline (Thiery, 2015). Nearly a third of the region’s food supply is sourced from the lake by more than 200,000 fishermen (Song, 2004, Thiery, 2015). However, without an effective early warning system for dangerous weather over the lake, these fisherman are often caught in deadly storms resulting in unnecessarily high fatality rates every year. 	Comment by Arya, Vishal (LARC)[DEVELOP]: Can you provide a citation for this?	Comment by Arya, Vishal (LARC)[DEVELOP]: I removed the word unnecessarily because by including it you are implicitly implying that there is justification for necessarily high fatality rates. 

While meteorologists have a solid understanding of how these large lakes regulate long-term climate and contribute to the diurnal cycles of lake/land breezes and the thermal gradient surrounding the lake, less is known about short-term weather patterns over the lakes. This is, in part, due to the tropical climate, where tumultuous storm events arise suddenly and are not always accompanied by larger, more comprehensive storm movements. Thunderstorms that arise over the African Great Lakes are severe; their convective activity commonly approaches altitudes extending far into the sky, producing gale-like conditions of high winds and some of the densest and most frequent lightning strikes in the world. 	Comment by Arya, Vishal (LARC)[DEVELOP]: If you state “approaches altitudes” then provide a number to back this up rather than only saying ‘extending far into the sky’	Comment by Arya, Vishal (LARC)[DEVELOP]: Provide a stat for this. How many lightning strikes?

[bookmark: _GoBack]This project aims to better understand the meteorology of storm events over one of the largest African Great Lakes, Lake Victoria, by analyzing atmospheric conditions that surrounded some of the most severe storms during the study period of 2005 – 2013.  Storm events that feature convective phenomena known as overshooting tops (OTs) typically yield more hazardous conditions at the ground level. Therefore, events of heightened OT activity were selected to represent severe storm occurrences. The Hazardous Storm Event Database (HSED) contains a directory of pixels that identify OTs by a detection algorithm developed by National Aeronautics Space Agency’s (NASA)’s Applied Science’s Program (ASP) and the GOES-R Aviation Algorithm Working Group. Employing infrared brightness temperatures from the SEVIRI sensor onboard EUMETSAT’s METEOSAT Meteosat 8 and 9 satellites, this algorithm analyzed 15-minute geostationary images during the aforementioned time period, and thus set the terms for the temporal study area (Bedka, K. et. al., 2010, Bedka, K., 2011). 	Comment by Arya, Vishal (LARC)[DEVELOP]: Include the agency that owns/ operates/ provides this database if it is different form the NASA ASP and GOES-R	Comment by Arya, Vishal (LARC)[DEVELOP]: You have not yet introduced this so please spell it out and provide the acronym in parenthesis. 	Comment by Arya, Vishal (LARC)[DEVELOP]: Please spell this out and provide acronym in parenthesis. 	Comment by Arya, Vishal (LARC)[DEVELOP]: Please spell this out and provide acronym in parenthesis	Comment by Arya, Vishal (LARC)[DEVELOP]: Temporal and area are not measured in the same units, therefore, I don’t think you can say temporal study area. Instead, perhaps temporal resolution, temporal study period…

[bookmark: h.4q9pmz25pmw9]

[image: ]	Comment by Arya, Vishal (LARC)[DEVELOP]: All text boxes in image need to be separate image files. 
	Figure 1: The physical study area, extending from 31°E to 38°E and 3°S to 2°N, includes the full extent of Lake Victoria and sections of Uganda, Kenya, and Tanzania which surround the lake. The extent was offset slightly to include a larger portion of Kenya to accommodate the project partner. 



The partner for this project was the Kenya Meteorological Department (KMD), whose mission is “to facilitate accessible meteorological information and services and infusion of scientific knowledge to spur socio-economic growth and development” (KMD, 2015). In the past, KMD partnered with NASA SERVIR to help incorporate satellite data into their weather forecasting model. In response, SERVIR trained KMD personnel to integrate NASA Earth observations into model changes (Improving Kenya, n.d). As a result of this training, KMD will be able to utilize the SERVIR data used in this project. 

[bookmark: h.odr7fw435zpq]This project contributes to the NASA ASP Aapplication Aareas of wWeather and dDisasters, as the findings from this project will assist KMD by providing them with information regarding which climatic variables that commonly precede the development of severe storm events. By aiding in early detection efforts, damage and loss of life due to these events can be mitigated. 
[bookmark: h.1t3h5sf]III. Methodology
[bookmark: h.x2dwd2happl9]
[bookmark: h.we7qzdkrbq7w]The Hazardous Storm Event Directory (HSED), maintained by Kristopher Bedka at NASA Langley Research Center, provided OT overshooting top data for the years 2005 to 2013. NASA’s Applied Science ProgramASP and the GOES-R Aviation Algorithm Working Group derived this data by use of a detection algorithm from the SEVIRI sensors on EUMETSAT’s METEOSAT Meteosat 8 and 9 satellites.  Employing infrared brightness temperatures from the SEVIRI sensors, this algorithm analyzed 15-minute geostationary images during the aforementioned time period (Bedka et. al., 2010, Bedka, 2011). 
[bookmark: h.s3obn4v52kta]
[bookmark: h.aqloz5bl3ese]During the previous fall 2015 NASA DEVELOP term, MATLAB r2015a was used to compile data from the HSED into hourly detections over the study area. Microsoft Excel then summarized the hourly data into daily activity and separated the days into percentiles based on the total number of OT related pixel detections per diem. This study extracted 10 days within the 50th percentile and 10 days with the 99th percentile that represented average weather and the most severe weather respectively. The dates were chosen through a systematic random sample amongst the group to use as study cases. With 30 days at each percentile, the dates and their associated count statistic were listed chronologically, and then every third date at each level was selected into what would become the sample set.	Comment by Arya, Vishal (LARC)[DEVELOP]: A little confused. How did you come to 30 days at each percentile? After reading some more, I think I might know how this was derived but you may want to shift some sentences around in order to make this more clear. 
[bookmark: h.m19p58nv55tt]
	[bookmark: h.4lrlpzqugy6a]Study Dates

	99th Percentile
	50th Percentile

	3/8/2006
	3/6/2005

	11/22/2006
	4/2/2006

	2/4/2009
	8/21/2007

	4/11/2009
	8/15/2008

	3/23/2010
	6/5/2009

	10/18/2011
	3/16/2011

	11/7/2011
	10/15/2011

	4/24/2012
	3/19/2012

	3/30/2013
	10/18/2012

	4/10/2013
	9/6/2013



Compiling the OT data from the selected days in each percentile yields the following graph showing the OT pixel distributions with respect to time of day.
 [image: ]	Comment by Arya, Vishal (LARC)[DEVELOP]: Text boxes, including legend, need to be separate image files. 
[bookmark: h.dacsmmaqgtn7]Figure 2: Combined OT pixel counts vs time of day 

[bookmark: h.194w4zlwma4p]The OT pixel distribution for the 99th percentile days to displays bimodal peaks, whereas the 50th percentile distribution has only one distinct peak (fig 2). The peaks in the distributions indicate the times at which the most OT pixels were detected and point to periods of time with increased storm activity. This project chose to examine the meteorological conditions at 0:00 and 12:00 UTC across the selected days which provided a standardized way to compare conditions around periods of increased weather activity.	Comment by Arya, Vishal (LARC)[DEVELOP]: I’m not very well versed in meteorology but is 12 hours enough lead time to determine variables contributing to severe storm events? Might it perhaps be too much time where it adds noise to your data? 
[bookmark: h.c49f4fn3mqch]
[bookmark: h.92uh6jpmn7tf]Modern Era Retrospective Analysis for Research and Applications (MERRA) data structure accessed from the Global Modeling and Assimilation Office at Goddard Space Flight Center provided 2-D atmospheric single-level diagnostics data for the 20 study dates selected. Specific diagnostics were extracted at 0:00 UTC and 12:00 UTC using both MATLAB r2015a and ArcGIS 10.1. The diagnostics considered are shown in Table 2.were:	Comment by Arya, Vishal (LARC)[DEVELOP]: Oh, so you are only looking at those two hours, not the time in between. Are you then just comparing the difference between 0:00 and 12:00? Why not look at the changes occurring between 0:00 and 12:00?
[bookmark: h.pcuv2s9z9fe9]


	MERRA IAU 2-D Single-Level Diagnostics Used

	Variable Name
	Description
	Unit

	U850
	Eastward wind at 850 mb
	m/s

	U500
	Eastward wind at 500 mb
	m/s

	V850
	Northward wind at 850 mb
	m/s

	V500
	Northward wind at 500 mb
	m/s

	T850
	Temperature at 850 mb
	K

	T500
	Temperature at 500 mb
	K

	Q850
	Specific humidity at 850 mb
	kg/kg

	Q500
	Specific humidity at 500 mb
	kg/kg

	H500
	Geopotential height at 500 mb
	m

	OMEGA500
	Vertical pressure velocity at 500 mb
	Pa/s

	TS
	Surface skin temperature
	K

	n/a*
	Wind speed at 850 mb
	m/s

	n/a*
	Wind speed at 500 mb
	m/s



[bookmark: h.t48ksoniceu7][bookmark: h.dsrpwl6tth5]Table 2: *Wind speed was derived from eastward (U) and northward (V) wind velocity data at the 500 and 850 mb pressure level using the formula:  and , respectively. 
[bookmark: h.qyblctrxs2t8] 
[bookmark: h.8vcncns32ea0]These variables were chosen because they represent a reasonable approximation of major atmospheric dynamics with regards to thunderstorm formation. The 500 mb pressure surface occurs at approximately 6 km altitude where circulation, wind, and temperature have a strong impact on thunderstorms. The 850 mb pressure surface is close to surface pressure and is a standard pressure surface used in global meteorological models. 
[bookmark: h.nttw1m4li2rl]
[bookmark: h.5dutktwmi7gr]In MATLAB, daily contour maps were created for each day and variable at 0:00 UTC and 12:00 UTC.  Ten- day average contour maps, (corresponding to the 50th and 99th percentiles) of each variable at 0:00 UTC and 12:00 UTC, were also created, as seen in Figure 3. Each climatic variable was also averaged across the ten days for both percentiles in ArcGIS 10.1, and the differences between the variables at the 99th and 50th percentile were computed to highlight any differences anomalies between the average and severe weather days. 
[bookmark: h.plo58zq9n7s9]
[bookmark: h.edgeh8scup8z][image: 50avg00_U500.jpg][image: 50avg12_U500.jpg][image: 99avg00_U500.jpg][image: 99avg12_U500.jpg]	Comment by Arya, Vishal (LARC)[DEVELOP]: Text boxes need to be separate image files for all images. 	Comment by Fenn, Teresa E. (LARC-E3)[SSAI DEVELOP]: Also, titles and axis labels should be larger so that they are more legible
[bookmark: h.mt4t9ak0y11t]Figure 3: Contour Maps Produced in MATLAB from U500 MERRA Variable
[bookmark: h.omxxxfy155kq]
[bookmark: h.sa5kkc978vcn]Atmospheric Infrared Sounder Project (AIRS) sensor data from the AquaQUA satellite was used to create skew-T plots at approximately 0:00 and 12:00 UTC for the 20 study dates. Archived AIRS data was uploaded to the AIRS Project Skew-T LogP Web Application by Steve Licata, a senior software engineer on the AIRS project. The Skew-T plots were then generated using the aforementioned AIRS Project Skew-T LogP Web Application available online via the AIRS Jet Propulsion Laboratory website.
[bookmark: h.z1crpg642pfc]IV. Results & Discussion

Insert images, graphs, maps, charts, etc. here. Choose the most important results to highlight here. No word cap, but two to six pages is a good range. 

Things to discuss:
· [bookmark: h.26in1rg]Analysis of Results: What can you tell from your graphs, images, etc? What does this mean for your project?
· [bookmark: h.lnxbz9]Errors & Uncertainty: What factors could you not account for, what things didn’t work out like you expected they would, etc.
· [bookmark: h.35nkun2]Future Work: If this project was to be selected for another term, what would be the focus? What other areas would be of interest?
[bookmark: h.1ksv4uv]V. Conclusions

Final conclusions. Word count: 200-600 (~a page).
[bookmark: h.2u40si19u0x5]VI. Acknowledgments
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[bookmark: h.z337ya]VIII. Content Innovation
In preparation for DEVELOP’s coming microjournal, please select two content innovation features to support your paper. For each item, please list the name of the feature, and include the tool itself if possible (eg. glossary terms and definitions). If the tool does not work in Microsoft Word (eg. Interactive MATLAB Figure Viewer), please list the file name and upload the related file to the microjournal folder on the DEVELOP Exchange. If you choose to use Inline Supplementary Material, please also include where the material should appear in the text.

Some options include:	Comment by Arya, Vishal (LARC)[DEVELOP]: Which three are you planning to do? Keep in mind that the VPS counts as one. 
AudioSlides
Database Linking Tool
Data Profile
Executable Papers
Featured Author Videos
Featured Multimedia for this Article (video and podcast options)
Glossary Viewer
Inline Supplementary Material (figures, tables, computer code)
Interactive Map Viewer
Interactive MATLAB Figure Viewer
Interactive Plot Viewer
Nomenclature Viewer
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