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[bookmark: h.30j0zll]II. Introduction 
Due to significant climate variations, several regions of the world are experiencing more frequent and extreme droughts and heavy precipitation events. These extreme events often result in food scarcity and economic hardship, and act as catalysts for civil unrest. Such weather-related disasters have consequently resulted in forced migrations reported at 22.5 million people every year from 2008 to 2014 (Martinez 2016). Periods of extreme drought leading up to the beginning of the 2011 Syrian Crisis gave way to significant agricultural failure and civil conflict (Martinez  2016). It is imperative that monitoring and predictive modeling of highly vulnerable regions occur to better prepare policy makers and the general public for future droughts and heavy precipitation events. The Levant and Central American regions have been recognized as highly vulnerable regions that continue to experience the consequences of these extreme weather events (Maddocks et al. 2015).
For centuries the Middle East has been considered one of the most arid climates in the world. Out of 167 countries, 33 countries will face extremely high water stress by 2040 and 33% of those countries are located in the Middle East (Maddocks et al. 2015). Recent weather extremes have diminished the region’s already limited water resources (Kaniewski et al. 2011). In the Levant region, comprised of Syria, Lebanon, Jordan, Israel, and Iraq, an increasing population and diminishing water supply have created an unstable and competitive environment. As villages run out of water, their populations are moving to large urban areas (Voss et al. 2013). These urban areas become overpopulated and water stress is compounded. Corrupt government allocation of resources in these countries results in alarmingly poor water management (Kelley et al. 2014). This environment of distrust and desperation breeds hostility and is a significant contributor to civil unrest in the region. 
Central America endures issues similar to the Levant as several countries experience change in duration, intensity, and frequency of drought and precipitation events (Maurer et al. 2009). The “dry corridor” in Central America is dramatically impacted by these climate extremes and spans across Honduras, El Salvador, Guatemala, and Nicaragua (Watson 2015).  During 2015, particularly strong El Niño Southern Oscillation (ENSO) events exacerbated the already delicate state of Central America’s climate (Becker 2015). Due to the drastic changes, farmers are losing the majority, if not all, of their crops or cattle each growing season (Marengo et al. 2014). In 2011, flooding from Tropical Depression 12E cost El Salvador $840 million in damages. This was equivalent to 4% of the country’s Gross Domestic Product, ruining an approximate 60% of El Salvador’s corn and bean production (Gourmelon 2015).  Farming practices in both study regions are not efficient and governments are not encouraging smart irrigation practices to reduce water loss (Vidal 2015). The governments allow the rich to dig their own wells which tap into the aquifers (Vidal 2015). These wells are not regulated, leading to over pumping and water pollution (Vidal 2015). The lack of governmental assistance for farmers in addition to the overall poor water management has consequently contributed to a growing water crisis that is leading to malnutrition and hunger for the Central American population.  
This research focuses on the Levant and Central American regions from June 1981 to December 2015. The project addresses NASA’s Applied Sciences Program national application areas of climate, water resources, and agriculture. The vastly different climates of the two study regions allow for comparisons of vegetation and evapotranspiration for a foundational examination of environmental status and impact. The Levant and Central American water supplies are heavily impacted by conditions surrounding drought and dense precipitation. This project evaluates water resources and agriculture by examining the striking influence of water stress on resource management and agricultural production.
Both the Levant region and Central America are in need of more consistent in situ monitoring and remote sensing to prepare their governments and population for the inevitable future changes in water availability. This project seeks to enhance the United States Air Force 14th Weather Squadron's monitoring of heavy precipitation and drought in these two vulnerable regions through analysis of Normalized Difference Vegetation Index (NDVI) and evapotranspiration. The 14th Weather Squadron collects, protects, and exploits climate data to utilize in military operations and planning. They seek to assist the Department of Defense and other partner organizations in planning for long-range climatic changes in all regions of the world.  The Squadron will use this project as the foundation for a comprehensive assessment of variables typically less focused upon in these regions to indicate the extent of drought and precipitation. Their goal is to optimize monitoring and analysis techniques utilizing data findings in the environmentally sensitive regions of the world as they face crucial societal challenges and decision-making. 
This project employs NDVI data from NOAA’s Climate Data Record to achieve the following objectives: 1) create comprehensive climatologies of both neutral and anomalous years in both regions to enhance the 14th Weather Squadron’s decision-making capabilities, 2) analyze extreme weather events, primarily incidences of El Niño and La Niña, 3) create maps displaying land cover change, and 4) study land-use change in both regions. These variables will help to reveal more about the relationship between conflict and unrest and climatic changes. 

[image: https://lh3.googleusercontent.com/tEhpNj8jliKbGoHgz1ASFkhtpzZpj2K-h2WPzLt_QPaw14btCRPBdiX1Hj0dPuc2iYkFsseE0AS40PAjpSsOTG3k-5MN8rLKnnrAEwUyd8akixm9YlFGdis6blJTKFQuJPE_nnP3]
Figure 1 World Resource Institute ranking of future water stress for 167 countries by 2040. The map shows the average exposure of water users in a given country to the ratio of total withdrawals to total renewable supply in the given area. A higher percent indicates there are more water users competing for fewer supplies.
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Figure 2 Sample Central America NDVI values for a day in April 1982. The NDVI values range from -1 to 1. Values close to -1 indicate barren areas of rock, sand or snow. Values close to 1 indicate lush forests. 
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Figure 3 Sample Levant region NDVI values for a day in December 1981. The NDVI values range from -1 to 1. Values close to -1 indicate barren areas of rock, sand or snow. Values close to 1 indicate lush forests. 
[bookmark: h.f1tqwv2tg2xa][bookmark: h.1t3h5sf]III. Methodology
Data Acquisition
	Gridded 0.05 degree by 0.05 degree daily Advanced Very High Resolution Radiometer (AVHRR) Surface Reflectance of Normalized Difference Vegetation Index (NDVI) data derived from the NOAA Climate Data Record (CDR) were gathered for the study regions from June 1981 to December 2015. The data is from seven different NOAA polar orbiting satellites, NOAA-7, -9, -11, -14, -16,-17, and -18. 
	Moderate Resolution Imaging Spectroradiometer (MODIS) obtained near real-time from NASA’s Terra satellite holds a spatial resolution of 1km and gathers data in16-day intervals.  NDVI data from this source was acquired for the study regions from 2000 to 2016. 

	Data Set
	Spatial Resolution
	Temporal Resolution
	Available Study Period

	NOAA NDVI
	0.05 degrees
	Daily
	June 1981-November 2015

	NASA MODIS NDVI
	1 km
	16-day
	2000-2015




Data Processing
	The AVHRR daily data sets from and MODIS NDVI data sets were processed using an R code script. The daily data files were converted from NetCDF files to GeoTIFF files and cropped to the study regions’ bounding boxes. 

Data Analysis
Daily and monthly climatologies per pixel were made by averaging over the study period, June 1981- December 2015, using R statistical programming to analyze data. The team used ArcGIS to create climatology maps. Next, the project compared both NOAA AVHRR and NASA MODIS data sets within both regions to find the more accurate and beneficial data source. The project compared both data sets to ancillary precipitation data. The data set that was most useful for the 14th Weather Squadron was used for the remaining analyses. The team determined anomalous seasons using standard deviation calculations in R when comparing monthly averages to the climatologies. Anomalous seasons were compared to both historic El Niño and historic La Niña events using statistical analyses in ArcGIS and R. The project identified predictive seasonal anomalies by analyzing anomalies in seasons prior to and after historic drought or heavy precipitation years. Lastly, this project studied land use change throughout the study period. The team used ArcGIS to compare climatologies with past studies that associated NDVI signatures with types of land cover. 
[bookmark: h.xie61ge7p98l]IV. Results
Through our study we hope to create a beneficial analysis of NDVI to be used by the 14th Weather Squadron in their endeavors to forecast heavy precipitation and drought in the Levant region and Central America. Our first product will be created as a result of daily, seasonal, and yearly NDVI climatologies for both regions, using both NOAA AVHRR and NASA MODIS data sets. We will then compare both data sets for each region to identify which data source is more beneficial to our end-users. Next, we will analyze the correlation between anomalous NDVI years and El Niño Southern Oscillation (ENSO) events - such as El Niño and La Niña. Lastly, we will analyze land use change through NDVI and compare it to ancillary data sets. 
[image: ndvi climatologies.gif]Figure 4 is an example of the NDVI climatologies that will be presented to the 14th Weather Squadron. Hopefully we will be able to find some helpful trends and patterns over our study period from June 1981 to November 2015. These trends may reveal events that precede periods of drought or heavy precipitation, which can then be used to more accurately predict disastrous events. This project will utilize statistical comparisons to compare months leading into detrimental drought/precipitation events. These climatologies will also be used as tools of communication between the NASA DEVELOP team, the 14th Weather Squadron, and any relevant third party. 
Figure 4 (Placeholder) Example NDVI monthly climatology maps
Figure 5 is an example graphic comparing a series of years and their normal and atypical categorizations. This project will create similar graphics with an emphasis on ENSO event years to study how El Niño and La Niña affect vegetation throughout both study regions. These graphics will serve as concise ways to communicate what changes the 14th Weather Squadron should expect from ENSO events in both regional vegetative health and precipitation. This project will compare anomalous years to years with ENSO events and use statistical comparisons to search for correlations. The strength of each ENSO event will also be included in both the analysis and the graphics based on the Oceanic Niño Index (ONI).
[image: anomalous_year_graph.PNG]
Figure 5 (Placeholder) Example of Anomalous year graph highlighting ENSO events
The sample map in Figure 6 represents the thirty year trends for each pixel. This project will provide NDVI trend maps for both regions on several time-scales to visualize the land use change. Trend analysis will compare the general changes of seasonal vegetation, yearly vegetation, and land-use change using monthly climatologies and land-use change data. NDVI values and changes will be compared to peer-reviewed methods of land-cover classification to decipher how regional land use has developed over the study period from June 1981 to November 2015. The trends will also give the 14th Weather Squadron insight into how land use is likely to change in the future. 
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[bookmark: h.1ksv4uv]Figure 6. (Placeholder) Example land use change trend map
V. Conclusions
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