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1. Abstract
Outdoor air pollution can have severe impacts on human health, endangering the lives of vulnerable children and adults. Particulate matter (PM) air pollution is particularly hazardous, contributing to an estimated 800,000 premature deaths every year, as recorded by the World Health Organization (WHO). Organizations such as the Environmental Protection Agency (EPA) and the Centers for Disease Control and Prevention (CDC) have an increasing need to provide accurate air quality assessments to properly mitigate adverse health effects. The EPA monitors air quality levels for the United States with AirNow, an on-line tool that uses in situ data to calculate an Air Quality Index (AQI) for real-time air quality updates. This product allows for reliable air quality estimates but is limited to the specific location of monitoring stations and to terrestrial regions within the contiguous United States. Though current projections estimate that approximately 48% of the US population will live in coastal regions by the year 2020, there is no long-term record of air quality measurements for the coastal United States. This project utilized the National Aeronautics and Space Administration’s (NASA) Aerosol Optical Depth (AOD) and the National Oceanic and Atmospheric Administration’s (NOAA) Aerosol Optical Thickness (AOT) datasets to create a long-term analysis of Hawaii and coastal Florida air quality from January 1981 to December 2015. This analysis will be used to identify anomalous months, seasons, and other periods as well as identify trends in aerosol concentrations and patterns. Satellite and ground station data verification will provide statistical and quantitative support for incorporating satellite data into both the EPA’s and CDC’s current air quality reporting efforts and further serve their needs by building the foundation for further air quality studies.

Keywords
AVHRR, MODIS, Aerosol Estimates, Air Pollution, Particulate Matter, Environment and Public Health, Aerosol Optical Thickness / Depth
[bookmark: _Toc334198720]2. Introduction
Air quality variation has many impacts on human and environmental health. Good air quality is vital in order to maintain the balance of Earth’s many processes and the biota it supports. As toxic pollutants become more concentrated, air quality levels worsen and create a burden on human health through ailments such as cardiovascular disease and coronary artery disease (WHO, 2013), as well as contribute to environmental disruptions such as ozone depletion or disturbances in the hydrologic cycle (Pöschl, 2005). Particulate matter (PM) air pollution is especially hazardous, with no evidence of a safe exposure level (WHO, 2013). PM air pollution is the 13th leading cause of mortality worldwide (Anderson et al., 2011). Because the negative effects of air pollution remain significant at low concentrations, there is an increasing demand for better, more successful health and air quality management practices. As a result, accurate and reliable atmospheric aerosol measurements are a vital part of improving health and well-being in a world where pollutants have grown more numerous and complex in recent decades. 
The term aerosol refers to solid or liquid particles suspended in a gas (Particulate Matter, 2016). Most readily defined by size, smaller PM aerosols observe greater negative health consequences (Particulate Matter, 2016). Finer particles (1) have a higher chance of entering the alveoli of the lungs and (2) can reside in the troposphere for longer periods of time than larger particles. PM10 are particles with diameter <10µm, while PM2.5 represents particles with diameter <2.5µm (Particulate Matter, 2016). PM2.5 particles are much smaller than the diameter of one strand of human hair (Hawaii 24/7, 2016). These particles originate primarily from natural sources, such as volcanic eruptions or the wind-driven atmospheric dispersal of desert dust, soil, pollen, and sea salt; and anthropogenic sources, such as the burning of fossil fuels and other industrial processes (Pöschl, 2005). 
Within the United States, air quality measurements are collected using in situ monitoring stations and forecasts. The Environmental Protection Agency (EPA) seeks to mitigate the effects of air pollutants to improve both human and environmental health with publicly accessible products. One such product is AirNow, a useful on-line tool that uses in situ measurements to record a daily Air Quality Index (AQI) for pollutants such as particulate matter, ground-level ozone, carbon monoxide, and sulfur dioxide. The highest index value is reported as the AQI value of that day. Ground station PM monitoring sites supply precise, real-time measurements essential for proper air quality oversight, but their spatial coverage is too limited for maximum efficiency. AirNow only covers the terrestrial United States, leaving the coastlines susceptible to large variability and data gaps (AirNow, 2016). 
Current projections estimate that approximately 48% of the United States’ population will live in coastal regions by the year 2020, yet there is no long-term record of air quality measurements for the coastal US (National Ocean Service, 2016). Hawaii and Florida are two states with high coastal population density. These locations experience their own unique pollution events such as volcanic smog, also known as VOG, and the seasonal effects of sugar cane burning, respectively. These two states represent good case studies for improving United States air quality reporting. This project addresses the National Aeronautics and Space Administration (NASA)’s Applied Sciences Program national application area of Health & Air Quality through assessment of satellite and in situ aerosol data, specifically focusing on the Hawaii and Florida coasts from January 1981 to December 2015.  

The project focused on aiding the Environmental Protection Agency’s (EPA) and Centers for Disease Control and Prevention’s (CDC) current air quality reporting and human health mitigation efforts. Organizations like the EPA and CDC have an increasing need to provide accurate air quality assessments so as to properly mitigate the negative repercussions PM air pollution has on human and environmental health. In the past, the EPA has funded projects that sought to integrate satellite data into surface PM2.5 measurements, such as the AirNow Satellite Data Processor (ASDP). While there is currently no integration of satellite data into public AirNow products, this much needed step will improve the capabilities and spatial coverage of air quality estimates. The utility of satellite data is identified as highly beneficial for assessing air quality problems on a broad scale. This project utilized the NASA Aerosol Optical Depth (AOD) and the National Oceanic and Atmospheric Administration’s (NOAA) Aerosol Optical Thickness (AOT) datasets in addition to in situ aerosol measurements to create long-term climatologies of Hawaii and Florida and to preform statistical verification to enhance and support the use of remotely sensed data in the EPA’s and CDC’s current air quality approaches. The End-Users were provided with climatologies, validation maps and figures, and a replicable methodology so that this data may be used to further analyze aerosol levels in comparison with other environmental and human health trends.  
[bookmark: _Toc334198726]3. Methodology
3.1 Data Acquisition
This project required incorporation of both in situ and satellite data for a more comprehensive and accurate air quality report. AOT data collected from NOAA’s Advanced Very High Resolution Radiometer (AVHRR) sensor were acquired through NOAA’s Climate Data Record. This dataset has a spatial resolution of 0.1 by 0.1 (approximately 10 km by 10 km), and a monthly temporal resolution, from 1981 to 2015. This dataset is limited to regions covered by water. AOD data collected from NASA Terra and Aqua Moderate Resolution Imaging Spectroradiometer (MODIS) sensor’s were downloaded and subset through NASA’s Level 1 and Atmosphere Archive and Distribution System (LAADS). This dataset has a spatial resolution of 0.1 by 0.1 (approximately10 km by 10 km), gathered daily, ranging from 2000 to 2016. In situ air quality data for Hawaii and Florida PM10 and PM2.5 measurements were acquired from the EPA’s air quality website, AirNow, and from contacts at the Hawaii and Florida State Health Departments. 



	Data Set
	Spatial Resolution
	Temporal Resolution
	Available Study Period

	NOAA AVHRR, AOT
	0.1 or ~ 10 km
	Monthly
	January 1981 - 2015

	NASA MODIS – Terra, AOD
	0.1 or ~ 10  km
	Daily
	January 2000 - 2016

	NASA MODIS – Aqua, AOD
	0.1 or ~ 10  km
	Daily
	January 2002 - 2016

	EPA in situ air quality data PM2.5
	Station-dependent
	Daily
	1999 - 2016





3.2 Data Processing
After acquiring our datasets from their respective sources, all were subset both spatially and temporally. AVHRR AOT data were compiled into global monthly and seasonal HDF files and provided to the team by Dr. Tom Zhao. In conjunction with the Interface Definition Language Development Environment (IDL DE), these files were used to create global 30-year seasonal and monthly climatologies. These serve as baselines for assessing normal aerosol levels for our study areas so that further analysis can be performed to identify seasonal trends, anomalous pollution events, and periods of heightened aerosol activity. Monthly averages for the location of several air quality stations in both Hawaii and Florida were also extracted through IDL to be used for further statistical verification. The data consisted of averaged pixel values from a four pixel by four pixel (or 0.4 by 0.4) bounding box surrounding each station. Values had to be averaged over a bounding box to include enough data from nearby water since AOT does not measure aerosols over land.  

MODIS AOD data files required conversions from HDF to GeoTIFF. These were subset manually by state and year before being batch converted using the HDF-EOS to GeoTIFF (HEG) conversion tool. To do this, a sample HDF file is imported into the conversion tool. After selecting the desired field for conversion, in this case “Optical_Depth_Land_And_Ocean,” which uses a combined algorithm to retrieve AOD values over both land and ocean, global values are input for the subset selection. By choosing “Accept”and then “Batch Run,” the HEG conversion tool creates parameter files for each of the like files located in the same directory as the sample file. The tool then proceeds to execute the conversion for each file. 
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Figure 1 HDF-EOS to GeoTIFF (HEG) conversion tool platform with input parameters used for this project.


After all of the files were converted, they were processed using R Statistical Program to be subset into daily and monthly folders. Utilizing ArcGIS and the model builder tool, we created a model which would perform a batch run for each subset monthly folder within a year to create monthly averaged mosaicked files through the Mosaic Data Management tool. This tool mosaics all input files into an empty target raster created by the model. This process uses a mosaic operator, set to “Mean” in this case, and Ignore Background Value and No Data Values set to -9999. This process resulted in daily and monthly average AOD raster files for each Hawaii and Florida for both the Aqua MODIS and Terra MODIS sensors for the years 2000 (Terra) and 2002 (Aqua) through December 2015. 
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Figure 2 ArcMap model used to process MODIS data and create monthly averaged raster files.

In situ PM10 and PM2.5 measurements, collected at varying degrees of spatial and temporal resolution required reorganization and compilation into monthly averaged files for comparison with AOT and AOD data. Using R script, the data was subset into individual station files and further processed to result in monthly averaged data points for all active months for each station. 

3.3 Data Analysis
The first step in analyzing aerosol estimates was to create monthly and seasonal 30-year climatology maps utilizing NOAA’s AVHRR AOT data. Though this dataset does not cover land, it provides an overall picture of typical aerosol patterns on a global scale. We used IDL to extract global monthly and seasonal climatologies for our partners to study aerosol trends and incorporate various health and environmental variables. We also extracted AOT as point data by matching latitude and longitude values of several ground stations in Hawaii and Florida. This 30-year record of AOT values was later compared to AOD and in situ data. 
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Figure 3 AOT global climatology map displaying (clockwise) Winter (DJF), Spring (MAM), Summer (JJA), and Fall (SON) displaying AOT monthly averages from January 1981 – December 2015.


We used the processed monthly averaged values from NASA MODIS AOD datasets to create 15-year monthly and seasonal climatologies from both Aqua and Terra satellites. These satellites, which have an approximate 3-hour gap between passes, provide a glimpse into diurnal patterns for our study areas. Using the ArcMap Mosaic Data Management tool, we created 15-year monthly and seasonal AOD climatologies, subset to Hawaii and Florida. These were created by compiling raster files for each month into averaged monthly and seasonal raster datasets. Further, using the Extract Multi Values to Points Spatial Analyst tool in ArcGIS, we extracted the point data from each individual monthly file for the locations for each of the ground stations from our in situ dataset. This resulted in an average monthly AOD value for each month from 2000 and 2015. This 15-year record of AOD was later compared to AOT and in situ data. 
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Figure 4 AOD monthly climatology map for Hawaii, displaying April Terra MODIS AOD monthly averages from 2000 – 2015.
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Figure 5 AOD monthly climatology map for Florida, displaying April Terra MODIS AOD monthly averages from 2000 – 2015. 

In our final data analysis steps, we compared NASA MODIS AOD, NOAA AVHRR AOT, and in situ aerosol data to provide statistical support for the reliability of filling in gaps in ground station PM2.5 data with satellite aerosol data. Statistical methods were applied to calculate correlation coefficient values for individual ground stations and monthly averaged AOD values in Hawaii and Florida to assess seasonal and monthly relationships between satellite and in situ data. 30- and 15-year time-series plots were created in addition to accuracy maps for our two study areas. Time series plots were created in Microsoft Excel displaying multiple trend lines and the linear variation of monthly averages among our three datasets. To easily discern overall trends, moving averages were also applied to the graphs. 

Linear regression analysis was used to assess the basic relationship between averaged monthly values for ground station PM2.5 and AOD measurements. These were further subset into 90-day seasons (DJF, etc.) to discern seasonal correlation patterns between the two datasets. These averaged monthly values were also used to assess the correlation coefficient between in situ and AOD for each PM2.5 station within our study area. The correlation coefficient values were then plotted in ArcMap to show possible patterns in the spatial distribution of correlation values. This project provided replicable methodology centered on incorporating both satellite and in situ aerosol measurements for analysis of reliability of integrating both satellite and ground station data into air quality reports. 
[bookmark: _Toc334198730]4. Results & Discussion
This project created long-term climatologies for both Hawaii and Florida as well as verification analyses and coding scripts for statistical comparison. Three sets of climatology maps were produced using Terra MODIS AOD, Aqua MODIS AOD, and AVHRR AOT datasets using ArcGIS and IDL, respectively. With seasonal and monthly climatologies, we analyzed trends to inform our end-users how aerosols have changed spatially and temporally in Hawaii and Florida. 30-year climatology maps allow for long-term comparisons of aerosol measurements through assessment of normal aerosol behavior across seasonal variations and anomalous events. These long-term climatologies may be useful for urban planning, capacity building, and risk assessment, as well as further statistical comparison with other related variables.

Aerosol Optical Depth


Figure 6 Monthly aerosol time-series comparing in situ, MODIS, and AVHRR data for a ground station located near Honolulu.


Figure 7 Monthly aerosol time-series comparing in situ PM2.5 observations with MODIS AOD data for a ground station located near Honolulu. 



Figure 8 Monthly aerosol time-series comparing in situ, MODIS, and AVHRR data for a ground station located near Miami Beach.
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Figure 9 Monthly aerosol time-series comparing in situ PM2.5 observations with MODIS AOD data for a ground station located near Miami Beach. 

[bookmark: _GoBack][image: ]Through verification analysis, we assessed the reliability of satellite aerosol observations by comparing NASA MODIS AOD, NOAA AVHRR AOT, and in situ PM2.5 measurements. We found that overall AOD and AOT values follow seasonal trends similar to in situ measurements, although satellite sensors fail to capture particularly high and particularly low aerosol levels seen in in situ measurements. Furthermore, linear regression analysis shows that the correlation coefficient values between AOD and in situ measurements are significantly low, with overall values for Hawaii and Florida calculated to be approximately 16% and 24%, respectively, with the highest station value measuring 57%, near central Florida. Figure 10 Map showing correlation coefficient values for stations in Hawaii which measure PM2.5.
Figure 11 Map showing correlation coefficient values for stations in Florida which measure PM2.5.


Hawaii shows more inconsistency between AOD and in situ values, possibly due to higher variability in the region and less available station data. Florida presents flatter topography and higher data availability, factors that possibly contribute to stronger overall correlation values. Further analysis incorporating other variables including wind regime, or the relationship of upper atmospheric aerosol trends as compared to tropospheric values may prove to result in stronger correlation trends. 
[bookmark: _Toc334198735]5. Conclusions
This project aimed to establish a foundational statistical analysis comparing MODIS AOD measurements to in situ PM2.5 observations along coastal Florida and Hawaii. After performing a correlation analysis we found that correlation values are generally higher in Florida than in Hawaii, possibly due to a number of factors including climate, topography, and data availability. A lot of variation may have been lost when comparing station point data to extracted pixel values from MODIS AOD which provides the average AOD over a 0.1 by 0.1 area.

In situ PM2.5 observations and both AVHRR AOT as well as MODIS AOD highlighted similar seasonal trends. All three datasets measured higher aerosol levels during the warmer months, peaking during summer (June, July, and August) and lower aerosol levels in the colder months. MODIS AOD followed annual overall increases better in Florida than in Hawaii. However, in both regions AOD did not capture extreme peak aerosol events captured by the in situ measurements. After comparing station point measurements directly to remotely sensed AOD measurements, this project highlighted some of the limitations of assessing PM2.5 levels at the surface using satellite derived AOD. Future projects should include other important factors such as meteorological climatologies (i.e. wind regimes, precipitation…etc.).

The results of this project will provide both the EPA and CDC with a foundational analysis to build upon with future studies. The CDC is hoping to continue this work and incorporate public health data on issues related to air quality like asthma attacks and rates. 
[bookmark: _Toc334198736]6. Acknowledgments
We wish to thank our center lead, Alec Courtright, assistant center lead, Emma Baghel, and our science advisor, Annette Hollingshead, for their guidance and expertise through the entire project. We would also like to thank all of the people at NCEI who gave us advice along the way (list people here). 

Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Aeronautics and Space Administration.

This material is based upon work supported by NASA through contract NNL11AA00B and cooperative agreement NNX14AB60A.
[bookmark: _Toc334198737]

7. References
Anderson, Jonathan O., Thundiyil, Josef G., Stolback, Andrew. (2011). Clearing the Air: A review on the 
effects of particulate matter air pollution on human health. American College of Medical Toxicology. 166–175.http://dx.doi.org/10.1007/s13181-011-0203-1

AirNow. (2016). Environmental Protection Agency. https://airnow.gov/index.cfm?action=topics.about_airnow

Baucum, L.E., Rice, R.W. (2009). An Overview of Florida sugarcane. University of Florida.

Dawes, S. S., Burke, G. B., Pasch, A. N., & Dye, T. S. (2013, October 4). Socioeconomic benefits of adding 
NASA Satellite Data to AirNow. 1-87. http://appliedsciences.nasa.gov/system/files/docs/Socioeconomic Benefits of Adding NASA Satellite Data to AirNow.pdf

Grabowski, M. (2015, November 6). Modeling vog for Hawai’i. University of Hawai’i News.

Hawaii 24/7. (2016, March 17). Volcano Watch: Dual nature of vog results in air quality variety show. Hawaii 
24/7. http://www.hawaii247.com/2016/03/17/volcano-watch-dual-nature-of-vog-results-in-air-quality-variety-show/

National Ocean Service (2016). What percentage of the American population lives near the coast? National 
Oceanic and Atmospheric Administration. 
http://oceanservice.noaa.gov/facts/population.html

Particulate Matter (PM) and Aerosol. (2016). The International Volcanic Health Hazard Network. 	http://www.ivhhn.org/index.php?option=com_content&view=article&id=87

Pöschl, Ulrich. (2005). Atmospheric Aerosols: Composition, Transformation, Climate and Health Effects. Angewandte Chemie International Edition. 44(46). 7520-7540. 
doi:10.1002/anie.200501122

WHO. (2013). Review of evidence on health aspects of air pollution - REVIHAAP Project. World Health 
	Organization Regional Office for Europe. 
 
[bookmark: _Toc334198738]

8. Content Innovation
Content Innovation #1
Featured Multimedia 
“Clearing the Air: Investigating Aerosol Estimates in the Coastal United States”

The project Virtual Poster Session will be linked to the title at the beginning of the technical paper. 

Content Innovation #2
Inline Supplementary Material 
· Figure 1 HDF-EOS to GeoTIFF (HEG) conversion tool platform with input parameters used for this project.
· Figure 2 ArcMap model used to process MODIS data and create monthly averaged raster files.
· Figure 3 Global 30-Year AOT Climatology: Winter (DJF).
· Figure 4 15-Year Terra MODIS AOD Climatology for Florida: April 2000-2015
· Figure 5 15-Year Terra MODIS AOD Climatology for Hawaii: April 2000-2015
· Figure 6 & 7 Monthly Aerosol Time-series comparing in situ, MODIS, and AVHRR data for the location of a ground station near Honolulu.
· Figure 8 & 9 Monthly Aerosol Time-series comparing in situ, MODIS, and AVHRR data for the location of a ground station near Miami Beach.
· Figure 10 Map showing correlation coefficient values for stations in Hawaii which measure PM2.5.
· Figure 11 Map showing correlation coefficient values for stations in Florida which measure PM2.5.

Content Innovation #3
Glossary 
· Aerosol—Natural or artificial solid or liquid particles suspended in the atmosphere or another gas.
· AirNow—A publicly accessible online tool which allows the user to find an AQI rating or a specific location at any given time. 
· AOD—Aerosol Optical Depth 
· AOT—Aerosol Optical Thickness 
· AQI—Air Quality Index; a standardized index of air quality ratings which informs the public of how hazardous the air is on a particular day. 
· ASDP—AirNow Satellite Data Processor; a system that enables the blending of satellite and ground station PM2.5 measurements.
· AVHRR—Advanced Very High Resolution Radiometer 
· CDC — Centers for Disease Control and Prevention; a public institution which protects public health through the control and prevention of disease and other ailments. 
· EPA —Environmental Protection Agency; an agency which protects human and environmental health through research and enforcement.
· MODIS—Moderate Resolution Imaging Spectroradiometer
· NASA—National Aeronautics and Space Administration 
· NOAA—National Oceanic and Atmospheric Administration 
· PM—Particulate Matter; mixture of solid and liquid particles found in the atmosphere. Derived from natural and anthropogenic sources.
· PM2.5—Particulate matter sized 2.5µm or less
· PM10— Particulate matter sized between 10 µm and 2.5µm
· VOG—Volcanic smog; a form of air pollution resulting from the gasses and particulate matter emitted when a volcano erupts. 
· WHO —World Health Organization; an agency governed by the World Health Agency of the United Nations which focuses on international public health. 
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9. Appendices

MODIS Climatology Maps
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	[image: ]Terra MODIS AOD Climatologies for Hawaii, 2000-2015, arranged by season. Top row: winter, bottom row: spring.

	[image: ]
	[image: ]









	[image: ]
	[image: ]
	[image: ]

	[image: ]
	[image: ]
	[image: ]


Terra MODIS AOD Climatologies for Hawaii, 2000-2015, arranged by season. Top row: Summer, bottom row: Fall.
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	[image: ]Aqua MODIS AOD Climatologies for Hawaii, 2002-2015, arranged by season. Top row: Winter, bottom row: Spring.
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Aqua MODIS AOD Climatologies for Hawaii, 2002-2015, arranged by season. Top row: Summer, bottom row: Fall.
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Terra MODIS AOD Climatologies for Florida, 2000-2015, arranged by season. Top row: Winter, bottom row: Spring.
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Terra MODIS AOD Climatologies for Florida, 2000-2015, arranged by season. Top row: Summer, bottom row: Fall.
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Aqua MODIS AOD Climatologies for Florida, 2002-2015, arranged by season. Top row: Winter, bottom row: Spring.
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Aqua MODIS AOD Climatologies for Florida, 2002-2015, arranged by season. Top row: Summer, bottom row: Fall.









Linear Regression Graphs




Linear regression analysis for all stations in Hawaii comparing in situ to MODIS AOD measurements for Spring.



Linear regression analysis for all stations in Hawaii comparing in situ to MODIS AOD measurements for Winter.


Linear regression analysis for all stations in Hawaii comparing in situ to MODIS AOD measurements for Summer.



Linear regression analysis for all stations in Hawaii comparing in situ to MODIS AOD measurements for Autumn.


Linear regression analysis for all stations in Florida comparing in situ to MODIS AOD measurements for Winter.



Linear regression analysis for all stations in Florida comparing in situ to MODIS AOD measurements for Spring.



Linear regression analysis for all stations in Florida comparing in situ to MODIS AOD measurements for Summer.



Linear regression analysis for all stations in Florida comparing in situ to MODIS AOD measurements for Autumn.
Monthly Aerosol Time-series: Honolulu, HI
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Spring (MAM) Hawaii: PM2.5 - MODIS AOD
 (2000-2015) 
Spring	y = 1.4379x + 4.9776
R² = 0.001
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Winter (DJF) Hawaii: PM2.5 - MODIS AOD (2000-2015) 
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Summer (JJA) Hawaii: PM2.5 - MODIS AOD (2000-2015) 
Summer	y = 4.0267x + 3.1043
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Ground Station PM2.5

Autumn (SON) Hawaii: PM2.5 - MODIS AOD 
(2000-2015) 
Autumn	y = 9.2449x + 3.1227
R² = 0.0265
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Ground Station PM2.5

Spring (MAM) Florida: PM2.5 - MODIS AOD 
(2000-2015) 
Spring	y = 9.1929x + 8.0114
R² = 0.097
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Summer (JJA) Florida: PM2.5 - MODIS AOD
(2000-2015) 
Summer	0.287	0.371	0.275	0.215	0.412	0.438	0.177	0.638	0.233	0.237	0.148	0.208	0.207	0.202	0.247	0.287	0.263	0.107	0.311	0.195	0.199	0.219	0.217	0.506	0.259	0.225	0.18	0.117	0.227	0.206	0.274	0.287	0.284	0.162	0.234	0.267	0.204	0.266	0.251	0.22	0.322	0.225	0.23	0.234	0.162	0.696	0.222	0.213	0.234	0.133	0.162	0.258	0.161	0.294	0.194	0.293	0.18	0.145	0.371	0.292	0.245	0.279	0.265	0.255	0.176	0.181	0.265	0.174	0.571	0.264	0.223	0.259	0.245	0.26	0.266	0.238	0.266	0.267	0.252	0.18	0.188	0.262	0.336	0.27	0.215	0.275	0.281	0.305	0.184	0.196	0.23	0.779	0.17	0.257	0.114	0.326	0.185	0.173	0.294	0.174	0.502	0.296	0.218	0.21	0.128	0.238	0.253	0.314	0.32	0.18	0.179	0.329	0.181	0.499	0.246	0.205	0.241	0.15	0.234	0.259	0.313	0.182	0.174	0.339	0.181	0.484	0.247	0.22	0.227	0.164	0.369	0.466	0.308	0.342	0.179	0.226	0.291	0.397	0.685	0.448	0.141	0.314	0.283	0.329	0.165	0.366	0.246	0.412	0.483	0.03	0.039	0.027	0.042	0.044	0.03	0.081	0.116	0.059	0.048	0.044	0.055	0.084	0.2	0.345	0.457	0.299	0.421	0.351	0.217	0.195	0.22	0.372	0.429	0.852	0.157	0.228	0.237	0.374	0.26	0.55	0.166	0.238	0.251	0.585	0.859	0.315	0.311	0.207	0.217	0.505	0.0	0.204	0.294	0.317	0.416	0.204	0.18	0.185	0.095	0.066	0.204	0.194	0.125	0.077	0.092	0.105	0.164	0.13	0.08	0.147	0.646	0.18	0.119	0.205	0.153	0.149	0.409	0.249	0.164	0.32	0.327	0.509	0.191	0.501	0.351	0.199	0.292	0.254	0.311	0.314	0.176	0.244	0.265	0.267	0.364	0.257	0.335	0.34	0.375	0.243	0.261	0.252	0.29	0.332	0.31	0.231	0.334	0.211	0.29	0.486	0.255	0.339	0.371	0.335	0.244	0.266	0.342	0.272	0.302	0.184	0.254	0.347	0.3	0.219	0.271	0.463	0.169	0.29	0.349	0.429	0.253	0.272	0.337	0.275	0.322	0.284	0.254	0.338	0.274	0.325	0.237	0.306	0.18	0.258	0.349	0.335	0.279	0.309	0.165	0.257	0.36	0.145	0.209	0.327	0.136	0.441	0.312	0.376	0.212	0.308	0.123	0.201	0.412	0.266	0.292	0.233	0.155	0.199	0.401	0.132	0.488	0.295	0.265	0.258	0.292	0.269	0.296	0.188	0.174	0.247	0.179	0.178	0.272	0.244	0.262	0.45	0.287	0.358	0.307	0.309	0.375	0.251	0.302	0.242	0.27	0.424	0.309	0.42	0.29	0.313	0.361	0.218	0.298	0.264	0.218	0.269	0.184	0.371	0.24	0.293	0.334	0.436	0.178	0.274	0.351	0.322	0.337	0.341	0.331	0.269	0.207	0.316	0.424	0.311	0.246	0.343	0.173	0.222	0.395	0.192	0.253	0.251	0.445	0.3	0.346	0.399	0.324	0.422	0.315	0.358	0.261	0.477	0.434	0.266	0.365	0.376	0.367	0.767	0.242	0.194	0.192	0.061	0.127	0.365	0.19	0.356	0.391	0.487	0.261	0.16	0.157	0.48	0.294	0.268	0.246	0.221	0.38	0.404	0.359	0.228	0.155	0.253	0.337	0.276	0.155	0.171	0.224	0.361	0.571	0.287	0.095	0.313	0.187	0.473	0.29	0.206	0.287	0.369	0.268	0.461	0.339	0.319	0.375	0.21	0.189	0.306	0.177	0.686	0.249	0.216	0.209	0.124	0.495	0.303	0.444	0.539	0.292	0.311	0.241	0.236	0.245	0.226	0.315	0.156	0.114	0.255	0.157	0.192	0.393	0.194	0.383	0.228	0.342	0.631	0.174	0.228	0.18	0.363	0.415	0.239	0.275	0.34	0.528	0.43	0.371	0.378	0.38	0.389	0.126	0.233	0.274	0.263	0.216	0.231	0.279	0.277	0.302	0.344	0.582	0.452	0.322	0.253	0.471	0.253	0.206	0.317	0.318	0.346	0.214	0.328	0.412	0.336	0.531	0.354	0.336	0.226	0.258	0.232	0.259	0.195	0.232	0.208	0.535	0.207	0.27	0.267	0.35	0.337	0.34	0.307	0.161	0.167	0.237	0.2	0.229	0.183	0.325	0.143	0.345	0.218	0.29	0.208	0.335	0.26	0.204	0.278	0.216	0.326	0.355	0.317	0.225	0.192	0.154	0.268	0.213	0.264	0.209	0.325	0.156	0.172	0.196	0.301	0.19	0.381	0.127	0.144	0.145	0.572	0.202	0.323	0.106	0.298	0.521	0.181	0.157	0.259	0.166	0.287	0.201	0.291	0.23	0.23	0.375	0.184	0.294	0.362	0.294	0.329	0.225	0.256	0.274	0.475	0.211	0.321	0.308	0.289	0.421	0.201	0.263	0.192	0.277	0.398	0.31	0.321	0.283	0.438	0.173	0.28	0.262	0.151	0.25	0.212	0.269	0.159	0.234	0.407	0.217	0.32	0.26	0.35	0.205	0.441	0.241	0.124	0.268	0.225	0.267	0.15	0.387	0.245	0.316	0.263	0.377	0.198	0.42	0.249	0.131	0.282	0.22	0.268	0.146	0.281	0.349	0.41	0.256	0.325	0.257	0.221	0.382	0.418	0.254	0.31	0.394	0.692	0.537	0.347	0.52	0.282	0.39	0.429	0.267	0.075	-0.001	0.079	0.031	0.04	0.035	0.055	0.059	0.052	0.051	0.061	0.033	0.039	0.502	0.331	0.269	1.022	0.512	0.457	0.691	0.152	0.316	0.265	0.234	0.296	0.346	0.283	0.218	0.306	0.232	0.478	0.223	0.629	0.396	0.248	0.237	0.382	0.359	0.161	0.205	0.263	0.3	0.373	0.466	0.23	0.361	0.565	0.582	0.464	0.175	0.275	0.11	0.247	0.191	0.164	0.143	0.124	0.084	0.142	0.132	0.078	0.144	0.258	0.179	0.272	0.218	0.235	0.151	0.344	0.438	0.256	0.376	0.304	0.056	0.266	0.32	0.344	0.277	0.335	0.418	0.307	0.244	0.263	0.328	0.259	0.203	0.514	0.537	0.799	0.37	0.329	0.262	0.393	0.386	0.326	0.255	0.279	0.235	0.442	0.377	0.244	0.222	0.467	0.545	0.798	0.339	0.316	0.284	0.348	0.443	0.35	0.279	0.345	0.242	0.445	0.437	0.282	0.262	0.445	0.572	0.781	0.341	0.35	0.272	0.333	0.537	0.38	0.211	0.2	0.187	0.276	0.36	0.486	0.347	0.237	0.311	0.35	0.315	0.328	0.478	0.345	0.288	0.276	0.206	0.402	0.305	0.332	0.357	0.202	0.73	0.302	0.428	0.282	0.179	0.356	0.277	0.233	0.165	0.218	0.423	0.314	0.359	0.3	0.193	0.665	0.315	0.298	0.244	0.292	0.351	0.326	0.216	0.269	0.3	0.217	0.405	0.372	0.276	0.391	0.351	0.374	0.695	0.144	0.394	0.452	0.339	0.264	0.214	0.413	0.373	0.385	0.699	0.192	0.381	0.489	0.342	0.237	0.088	0.408	0.347	0.507	0.328	0.43	0.389	0.403	0.605	0.436	0.199	0.612	0.239	0.229	0.435	0.218	0.318	0.113	0.353	0.309	0.359	0.456	0.337	0.459	0.229	0.201	0.436	0.295	0.239	0.194	0.325	0.5	0.538	0.635	0.41	0.521	0.326	0.264	0.513	0.287	0.409	0.213	0.423	0.225	0.655	0.28	0.341	0.231	0.648	0.189	0.43	0.44	0.214	0.188	0.365	0.451	0.471	0.298	0.404	0.108	0.252	0.39	0.16	0.26	0.376	0.378	0.452	0.442	0.339	0.343	0.183	0.211	0.297	0.147	0.322	0.204	0.43	0.303	0.433	0.374	0.401	0.538	0.504	0.226	0.26	0.559	0.43	0.673	0.446	0.52	0.225	0.39	0.335	0.217	0.318	0.321	0.228	0.244	0.175	0.191	0.309	0.214	0.162	0.226	0.319	0.205	0.575	0.303	0.382	0.415	0.26	0.127	0.26	0.268	0.129	0.435	0.322	0.184	0.604	0.397	0.218	0.131	0.315	0.391	0.663	0.402	0.331	0.092	0.284	0.646	0.513	0.323	0.538	0.621	0.427	0.564	0.265	0.255	0.431	0.228	0.498	0.383	0.319	0.476	0.3	0.232	0.254	0.443	0.268	0.637	0.685	0.518	0.265	0.278	0.947	0.149	0.441	0.23	0.383	0.537	0.205	0.287	0.218	0.492	0.367	0.277	0.431	0.14	0.235	0.24	0.297	0.195	0.176	0.279	0.372	0.41	0.144	0.147	0.151	0.269	0.263	0.137	0.224	0.198	0.27	0.307	0.194	0.131	0.251	0.394	0.16	0.2	0.221	0.171	0.25	0.261	0.257	0.132	0.21	0.269	0.284	0.288	0.139	0.201	0.165	0.212	0.33	0.196	0.135	0.212	0.277	0.162	0.183	0.206	0.228	0.143	0.117	0.093	0.137	0.115	0.12	0.152	0.23	0.131	0.169	0.142	0.169	0.325	0.161	0.239	0.179	0.253	0.205	0.387	0.146	0.311	0.284	0.21	0.131	0.193	0.157	0.152	0.338	0.318	0.156	0.143	0.17	0.147	0.171	0.331	0.172	0.232	0.263	0.142	0.219	0.12	0.155	0.221	0.16	0.197	0.347	0.299	0.189	0.185	0.316	0.171	0.38	0.134	0.131	0.173	0.111	0.17	0.151	0.169	0.311	0.16	0.167	0.205	0.333	0.251	0.278	0.147	0.138	0.217	0.12	0.196	0.178	0.177	0.322	0.205	0.19	0.194	0.295	0.219	0.284	0.163	0.134	0.307	0.193	0.298	0.245	0.212	0.085	0.253	0.423	0.371	0.253	0.34	0.411	0.384	0.569	0.367	0.349	0.433	0.36	0.277	0.068	0.045	0.039	0.049	0.04	0.08	0.117	0.033	0.157	0.127	0.05	0.061	0.034	0.388	0.288	0.589	0.279	0.648	0.359	0.676	0.243	0.393	0.278	0.13	0.223	0.344	0.328	0.362	0.398	0.158	0.404	0.242	0.566	0.337	0.221	0.15	0.352	0.393	0.214	0.277	0.213	0.215	0.494	0.296	0.22	0.301	0.445	0.325	0.307	0.169	0.246	0.368	0.523	0.236	0.283	0.158	0.387	0.246	0.065	0.261	0.102	0.234	0.262	0.185	0.2	0.271	0.142	0.364	0.234	0.349	0.181	0.516	0.56	0.177	0.224	0.328	0.524	0.611	0.308	0.283	0.287	0.189	0.24	0.116	0.167	0.114	0.199	0.258	0.416	0.337	0.775	0.326	0.24	0.29	0.376	0.214	0.258	0.126	0.237	0.388	0.344	0.439	0.376	0.241	0.476	0.309	0.753	0.321	0.289	0.228	0.389	0.232	0.263	0.122	0.195	0.332	0.489	0.293	0.604	0.355	0.718	0.32	0.296	0.36	0.372	0.265	0.244	0.097	0.256	0.329	0.281	0.34	0.202	0.289	0.115	0.201	0.317	0.322	0.382	0.212	0.277	0.116	0.188	0.576	0.348	0.402	0.436	0.348	0.326	0.528	0.655	0.32	0.143	0.366	0.187	0.177	0.268	0.159	0.18	0.581	0.407	0.499	0.432	0.336	0.259	0.483	0.378	0.321	0.301	0.227	0.213	0.347	0.11	0.313	0.384	0.529	0.153	0.296	0.3	0.511	0.352	0.324	0.339	0.265	0.178	0.366	0.311	0.33	0.529	0.35	0.315	0.295	0.266	0.149	0.357	0.13	0.275	0.318	0.473	0.129	0.268	0.288	0.301	0.424	0.227	0.414	0.194	0.321	0.313	0.219	0.128	0.251	0.351	0.282	0.445	0.698	0.434	0.343	0.451	0.29	0.202	0.176	0.161	0.302	0.409	0.46	0.636	0.431	0.332	0.189	0.347	0.484	0.201	0.388	0.412	0.237	0.606	0.226	0.426	0.318	0.269	0.144	0.396	0.216	0.43	0.358	0.338	0.235	0.479	0.64	0.382	0.213	0.342	0.154	0.24	0.15	0.145	0.722	0.26	0.448	0.756	0.385	0.348	0.171	0.357	0.136	0.241	0.263	0.571	0.276	0.301	0.242	0.508	0.356	0.47	0.378	0.359	0.342	0.384	0.447	0.282	0.379	0.27	0.259	0.24	0.192	0.12	0.313	0.243	0.351	0.179	0.464	0.284	0.181	0.137	0.29	0.184	0.145	0.291	0.206	0.304	0.336	0.227	0.149	0.202	0.608	0.337	0.284	0.233	0.376	0.27	0.191	0.274	0.14	0.155	0.315	0.275	0.042	0.358	0.171	0.15	0.385	0.542	0.484	0.277	0.326	0.258	0.461	0.482	0.387	0.209	0.258	0.282	0.244	0.197	0.414	0.341	0.331	0.123	0.359	0.302	0.362	1.11	0.46	0.17	0.209	0.394	0.237	0.249	0.216	0.359	0.313	0.302	0.87	0.201	0.431	0.197	8.475	6.75925925925926	4.58965517241379	8.37368421052632	5.99310344827586	7.9491847826087	7.665760869565219	17.28307453416149	9.10364145658263	5.5960729312763	8.16315049226442	4.854885057471258	7.963999999999999	8.48846153846154	5.89583333333333	7.51785714285714	4.89655172413793	7.9304347826087	9.58571428571429	8.29568733153639	12.6546468401487	9.55345060893099	7.312550607287448	7.2764	7.07422818791946	8.40348525469169	6.80903790087464	10.1528591352859	10.4474125874126	8.217672413793098	9.15546218487395	8.96498599439776	8.31379310344828	7.86666666666667	6.055555555555558	8.090625000000001	5.842424242424239	9.047058823529408	7.048275862068969	7.47941176470588	7.86666666666667	6.34666666666667	7.24074074074074	6.71	6.3	6.277777777777779	4.94285714285714	9.79686162624822	9.93342736248237	9.714959016393438	9.94651162790698	9.9725352112676	10.0053146853147	8.83905160390516	7.48285714285714	9.51428571428571	11.8424966799469	7.90522088353414	8.8846256684492	10.2674293405114	5.63977055449331	11.1639580602883	9.79448094612352	12.0801587301587	11.0852071005917	10.510406504065	9.45520282186949	8.16888888888889	0.0	7.565116279069768	9.53793103448276	10.3413793103448	6.79310344827586	8.448275862068968	9.290000000000001	6.30384615384615	9.97	8.55555555555556	8.040740740740738	7.8	8.87777777777778	10.53	6.22	9.030000000000001	9.737499999999998	6.73	9.09	7.8	9.01428571428571	7.9	8.34666666666667	8.8	11.7774	8.260857142857137	8.50913	10.8234	9.024987500000001	7.3742	7.0	9.700000000000001	7.84	7.99	8.06	7.0375	6.21111111111111	6.98	6.9125	6.47	5.95	10.7941176470588	11.6233333333333	11.1714480874317	14.3659846547315	14.0332020997375	11.3488157894737	14.3898936170213	12.8374501992032	11.7062416998672	11.1434027777778	11.7872801082544	5.59186666666667	11.8571049136786	12.4037634408602	11.5432506887052	11.083064516129	6.8	9.00689655172414	5.76666666666667	8.02	12.7381016042781	9.046029609690438	12.1493055555556	11.3125356125356	11.0980528511822	9.876281112737922	11.0837177747626	11.6994269340974	10.5460893854749	10.1648426812586	10.618611521418	9.441825613079018	0.0	9.098611111111106	17.28251533742329	7.322831050228308	7.244537815126049	7.713089802130899	8.49929577464789	13.33	9.030000000000001	8.92	9.02	12.1428571428571	13.2444444444444	9.25555555555555	5.51111111111111	7.41	5.35	7.914285714285709	9.85	8.97	10.5555555555556	8.280000000000001	7.075	12.1538461538462	8.784615384615389	7.64166666666667	9.94615384615385	8.52307692307692	17.3714285714286	5.63636363636364	5.94166666666667	7.20769230769231	5.59166666666667	10.95	9.08	10.43	9.57	11.8	16.27	13.46	11.05	11.14	9.598194444444448	8.95933734939759	10.9597202797203	8.249022346368718	10.5704735376045	8.739999999999998	10.0222222222222	6.44444444444444	8.61	6.149999999999999	10.17	8.43	10.0624657534247	11.3330110497238	8.81776859504132	7.99698216735254	11.3397524071527	8.394968553459118	9.118731988472618	5.08	8.1334	10.98944	7.187739999999999	0.0	0.0	7.428519999999999	12.975	10.7157894736842	8.005	9.99	8.225	7.257142857142859	11.3307692307692	8.35384615384615	8.727272727272727	10.8166666666667	9.584615384615379	9.68333333333333	5.72	6.68	7.863636363636359	5.775	8.07	8.52	10.4833333333333	7.33333333333333	7.677777777777779	7.78765778401122	11.9834722222222	10.3436079545455	9.8015427769986	10.6862994350282	10.6763120567376	9.58121468926554	9.684788732394368	8.93523537803138	10.4330975954738	8.271408250355621	13.5833798882682	11.1988023952096	13.5660167130919	10.6280448717949	13.8903496503497	8.88571428571429	9.794374120956398	5.37142857142857	8.424918032786888	9.97943661971831	8.4	11.4909596662031	9.00416666666667	12.0152905198777	10.7949790794979	10.9322128851541	12.9663793103448	8.130653266331658	18.98244382022469	5.007894736842099	5.47531380753138	7.22228412256267	6.88525730180807	9.83333333333333	11.6791666666667	10.4115384615385	9.448571428571427	7.58125	12.7571428571429	8.669696969696973	9.743333333333329	12.6096774193548	7.146153846153849	11.4666666666667	6.48064516129032	5.03103448275862	6.954545454545449	8.00909090909091	8.158620689655168	10.8423076923077	9.2962962962963	9.740740740740739	12.9540106951872	13.8318607764391	12.319298245614	10.7239657631954	10.387972972973	12.6348235294118	7.863499999999999	17.2436241610738	4.61825153374233	4.67072758037225	7.88327759197324	4.569930069930069	11.6328703703704	8.233333333333329	21.81964549483011	6.85371248025276	5.37367688022284	6.39406919275124	5.72194444444444	9.35666666666667	0.0	6.372	5.74137931034483	7.12666666666667	7.52333333333333	12.885121602289	14.907650273224	10.7982622432859	11.6396166134185	10.9895803183792	13.0215258855586	21.1998599439776	15.6685006877579	11.5962809917355	15.2662568306011	11.2543385490754	16.09573590096289	8.77506887052342	10.9311385459534	10.8738292011019	10.6015068493151	11.26	13.3666666666667	10.7133333333333	9.70666666666667	10.2222222222222	17.7615384615385	12.4598845598846	9.89640287769784	13.6198047419805	10.4077994428969	16.3356204379562	8.534502103786818	8.66938483547926	9.990934449093442	10.182841068917	12.0212121212121	11.9542857142857	9.425	12.1012096774194	13.0716666666667	12.0740667976424	13.0833333333333	12.0059060402685	11.2278447121821	11.363179916318	11.0908701854494	10.9859216255443	9.20783475783476	9.746546052631578	12.7115492957746	10.21796875	12.8354037267081	12.4746164574616	11.5118421052632	11.2689149560117	12.0334677419355	10.9198879551821	9.39876923076923	10.1143061516452	11.0813630041725	9.3	12.4953488372093	12.4973684210526	9.412500000000003	10.4236842105263	10.1089235127479	10.9552631578947	8.905	11.7825	10.0636363636364	8.49	10.705	8.85909090909091	9.83636363636364	6.51951219512195	6.48139534883721	10.4425392670157	8.334072900158478	12.7449929478138	11.0109872611465	13.2855153203343	16.5835543766578	10.7521678321678	14.8414307004471	11.1003241491086	14.6341954022989	7.99465541490858	9.672989690721653	9.65160390516039	9.21602288984263	10.2075170842825	9.11484593837535	9.57917570498915	8.987673343605548	12.8277254374159	10.6880208333333	11.1448611111111	9.002325581395348	7.4	9.287500000000001	6.24	9.02	5.6	9.120000000000001	8.39444444444444	6.649999999999999	10.5589779005525	8.7190031152648	9.58563535911602	6.816796874999999	8.89626556016598	9.424242424242418	6.864385474860339	10.08	11.4625	11.0823529411765	11.4368421052632	10.9742198100407	14.1139500734214	17.1502949852507	14.191825613079	12.8947222222222	15.7110344827586	11.0423398328691	17.0790629575403	7.28820301783265	7.021590909090909	9.88403819918145	10.047195622435	11.449197080292	7.72033898305085	16.7175977653631	13.658203125	10.5172461752434	15.3169274537696	15.6720173535792	15.7811643835616	8.144812680115267	9.129999999999998	10.1555555555556	8.08	8.077777777777777	8.92222222222222	6.92	10.37	8.8	8.611111111111107	10.8	8.3	9.4875	8.0	9.911111111111106	8.88	11.224213836478	11.6189781021898	10.364447806354	14.0582930756844	9.36992366412214	8.431101813110178	8.65199240986717	8.648621190130615	9.35351812366738	10.5720733427362	9.70586592178771	9.215320334261838	9.89034965034965	8.57663421418637	9.66428571428571	10.1866666666667	7.264285714285709	9.51	9.36666666666667	8.56538461538462	11.4287878787879	10.3008547008547	10.4908093278464	10.4264748201439	9.210695187165777	8.777777777777778	8.129999999999998	9.592877094972068	13.7697771587744	10.7671296296296	14.6085457271364	8.37731092436975	10.6923398328691	10.3882681564246	9.57007194244604	19.9177777777778	17.4461824953445	11.3688920454545	10.3137883008357	8.85535055350553	12.6700507614213	8.30071301247772	9.693333333333328	10.64	7.82666666666667	10.6428571428571	6.71333333333333	10.58	9.76666666666667	8.55454545454545	10.3769230769231	8.575	9.175	6.854545454545448	5.03636363636364	6.73333333333333	5.575	8.39	11.34	8.639999999999998	10.15	6.5	10.2666666666667	8.58	12.14703125	11.8345679012346	8.461983471074378	11.6434662998624	9.83991097922849	7.25	9.18337950138504	7.619944979367258	11.2962333333333	7.57233	9.26663	8.212309999999998	9.798184999999998	5.89032258064516	5.82333333333333	8.161904761904758	7.37692307692308	5.364705882352939	4.68709677419355	7.763074901445469	7.841634241245139	6.68575305291723	10.6216216216216	4.994565217391299	6.21380243572395	9.007235890014468	9.15333333333333	6.23076923076923	7.107142857142859	7.07	8.79666666666667	8.700000000000001	5.24347826086957	9.53767857142857	7.58592896174863	14.2446771378709	11.5790697674419	5.10277372262774	10.9369593709043	6.25826771653543	6.327519379844958	9.621778350515456	10.7553424657534	10.3860643185299	9.91486988847584	8.87748344370861	7.1663500678426	9.09666666666667	6.814285714285709	8.60645161290323	6.97333333333333	8.16363636363636	8.94444444444444	6.434375	8.55384615384615	6.48529411764706	8.58333333333333	6.89	5.35	10.4142857142857	5.97	6.09	8.162500000000003	14.1918844566713	10.5857923497268	8.71182795698925	12.3512786002692	9.3672972972973	10.0175675675676	11.8331967213115	10.2166666666667	9.12222222222222	11.3526727509778	11.7563706563707	9.31910256410256	9.38864229765013	10.3791666666667	8.31983914209115	12.3754813863928	11.9142461964039	13.8396927016645	11.508635097493	8.31969504447268	10.7162162162162	0.0	8.700000000000001	8.86538461538461	10.3225806451613	10.8258064516129	8.3375	9.45806451612903	9.53870967741936	7.72903225806452	10.6724137931034	8.33571428571429	10.41	7.96	13.58	8.16	10.8333333333333	9.07	8.07272727272727	9.4	7.962499999999999	8.05909090909091	6.54193548387097	9.57	7.08521428571429	7.32504	7.605636363636359	6.109124999999999	7.25242222222222	8.7319	9.35	8.030000000000001	9.66	9.48	9.88888888888889	7.57142857142857	6.38	11.2857142857143	6.619999999999999	8.01818181818182	7.42	12.3	10.2764705882353	14.0455006337136	11.9335085413929	15.1641221374046	14.932970027248	13.3723076923077	12.3938239159001	11.985622593068	16.0076822916667	12.4798128342246	7.57597402597403	15.5336870026525	11.992	11.7361757105943	13.3728682170543	7.8	7.84166666666667	9.30344827586207	7.64516129032258	13.8969455511288	12.7155737704918	12.0006493506494	11.8083557951482	11.2776178010471	15.628437917223	10.8475130890052	9.00389261744967	13.4341623036649	10.3122666666667	10.8892572944297	12.8326693227092	9.36898016997167	9.10215053763441	8.95989159891599	0.0	6.67328671328671	8.563623789764868	9.71753424657534	14.0	10.5	9.94545454545455	10.92	10.35	9.55	8.92222222222222	5.97	6.38	5.90909090909091	15.0	10.89	10.03	9.98	7.94545454545455	11.2133333333333	7.59333333333333	7.95833333333333	8.3	6.97272727272727	6.63846153846154	7.0	7.68333333333333	5.761538461538459	6.80769230769231	7.43846153846154	12.86	11.8	9.91	15.3	11.55	0.0	10.19	12.1	10.43	8.57701612903226	8.974114441416889	9.55283783783784	9.928840970350398	8.45809523809524	11.3666666666667	7.83	10.39	7.655555555555558	10.6777777777778	9.93	6.20909090909091	6.98	9.023395721925128	10.1246338215712	9.298273572377157	7.677911646586348	10.9635876840696	7.47021276595745	7.59677419354839	9.30639147802929	12.5952888888889	9.683940000000001	9.597969999999998	0.0	0.0	11.9801166666667	13.45	9.76315789473684	10.0681818181818	9.16315789473684	11.4666666666667	9.48571428571429	10.4285714285714	7.2	8.4	7.6	7.20833333333333	6.74615384615385	6.27	6.60769230769231	6.26923076923077	6.649999999999999	8.037500000000001	6.64	9.98333333333333	8.14444444444444	9.42	10.01	11.475	10.4452544704264	8.498238482384817	8.82142857142857	12.7670731707317	10.3757532281205	8.62210095497954	9.92302259887006	8.510123119015048	8.64303621169916	11.1236187845304	11.0363391655451	12.7405405405405	9.73859649122807	10.942027027027	9.838326585695007	0.0	8.344474761255118	4.90894941634241	11.4198675496689	10.0502762430939	12.5812623274162	15.0833333333333	13.8138586956522	8.789571694599628	10.9520110957004	11.7710242587601	10.9791891891892	8.947625508819538	6.119515477792729	6.42156334231806	4.7911051212938	7.37013513513514	7.46535859269283	14.9266666666667	11.1542857142857	12.3484848484848	8.778571428571427	13.3277777777778	9.37777777777778	9.03478260869565	9.061538461538458	10.8933333333333	8.30588235294118	8.403571428571428	6.74375	8.64444444444444	4.65666666666667	7.090625	10.8212121212121	18.85	10.3258064516129	11.2035714285714	7.79565217391304	18.2610608020699	16.1681901279707	10.4009671179884	10.5584	11.9602331606218	10.1926441351889	8.3577519379845	6.66222509702458	8.193333333333328	4.13472972972973	3.1205298013245	8.892	7.47557354925776	8.77258953168044	7.424929971988799	8.15590230664858	4.90619946091644	8.83581871345029	8.3811320754717	7.76666666666667	8.70666666666667	0.0	8.50952380952381	5.34838709677419	7.954838709677419	12.3230769230769	23.0506241331484	11.1221487603306	12.5118741058655	11.3181034482759	16.9016620498615	14.6542151162791	14.4144787644788	12.1386363636364	13.5849206349206	14.0583596214511	12.1258278145695	10.8535192563081	11.1602409638554	8.277748344370856	12.1448840381992	12.7422103861518	22.73	12.0483870967742	13.7266666666667	10.0709677419355	16.8064516129032	13.6863636363636	12.0202462380301	11.7762362637363	9.83454790823212	11.2294836956522	11.2833558863329	7.60041379310345	10.9663967611336	11.2535859269283	14.615625	11.3861111111111	12.0861111111111	13.8602631578947	18.8029972752044	15.892030848329	12.3605781865966	10.7005174644243	11.8767532467532	11.9677377892031	10.3706647398844	9.93664122137405	11.0747638326586	9.621967654986518	15.6849389416554	15.1015845070423	11.5970670391061	11.1738836265223	11.3761838440111	10.7943899018233	11.9206284153005	9.402162162162158	9.810383386581468	10.6692456479691	9.45714285714286	10.148849797023	15.17	11.59	12.2853658536585	10.5896551724138	10.4939643347051	13.6170731707317	12.335	10.3714285714286	10.235	9.447500000000001	8.007317073170729	8.041860465116276	6.58222222222222	8.47027027027027	6.03333333333333	9.843223965763197	9.16771653543307	13.9687237026648	16.01996996997	11.3269387755102	10.9308423913043	13.4572199730094	11.1346994535519	12.3650067294751	9.071117166212526	9.39688768606225	7.684815321477428	11.6611413043478	10.8280575539568	13.8593128390597	13.6064784053156	11.7077625570776	10.0401055408971	14.2916666666667	8.21283018867924	8.4479809976247	11.5394894894895	10.7526315789474	8.83529411764706	9.147368421052624	7.252941176470589	7.94117647058824	8.678571428571427	6.4875	6.35	6.224999999999999	12.05625	14.8276595744681	7.80232240437158	11.5059474412172	9.17490039840637	6.53856749311295	10.612027972028	18.5	12.78	13.325	9.466150442477879	14.5710755813953	15.7859701492537	18.23040935672509	11.8650472334683	13.7277777777778	9.950621669627	12.4325916230366	12.802743484225	9.31666666666667	4.5918956043956	11.7812581913499	12.0362903225806	15.1313453536755	14.174262295082	12.5312154696133	10.7011428571429	13.8415989159892	10.3122972972973	12.3358024691358	13.0914772727273	10.6864569083447	12.0555555555556	9.33333333333333	9.07272727272727	7.43	10.25	8.611111111111107	8.370000000000002	7.54	14.28	10.52	10.3545454545455	8.85	13.0846153846154	12.7555555555556	9.870000000000002	8.239999999999998	12.625641025641	9.76205962059621	10.4303234501348	9.016257668711658	10.5	9.249729729729728	9.470108695652168	9.767615176151757	10.5708843537415	8.884815321477427	12.6129380053908	8.84258760107817	7.47118402282454	10.6228687415426	10.5923076923077	9.03636363636364	8.275	8.65	10.3285714285714	13.0396408839779	8.85712401055409	9.65211459754434	9.43954727030626	11.0120529801325	7.63846153846154	8.18	12.89	12.9022880215343	13.0184885290148	12.56504723346831	10.4102599179207	10.8642663043478	8.40013477088949	12.4173453996983	12.0323848238482	16.5704301075269	11.3256097560976	9.455416666666675	12.9706199460916	10.2231966053748	9.42645074224022	11.4831663326653	12.5066666666667	10.2266666666667	10.4352941176471	9.10666666666667	11.64	11.9533333333333	7.775	8.06	10.325	8.09090909090909	7.49285714285714	6.475	10.9	5.63076923076923	6.692857142857139	8.86923076923077	12.93	10.25	10.6272727272727	8.44	12.6777777777778	10.5	7.918181818181819	8.577777777777777	12.206064690027	9.213580246913578	9.936800000000003	9.18506666666667	10.6722371967655	7.022554347826087	7.967721518987339	10.1576564580559	11.0746857142857	9.32069090909091	9.652320000000001	13.1163555555556	10.96481	11.960136286201	8.39259259259259	4.28709677419355	5.39	5.324999999999999	7.2	6.424999999999999	4.87989949748744	5.44155405405405	5.613874345549739	8.61163734776725	6.604054054054049	7.75507442489851	4.0	9.248275862068967	8.53666666666667	6.24	5.08709677419355	4.3	6.09230769230769	6.846153846153849	11.1567105263158	10.3440052700922	10.9291450777202	5.4397489539749	5.987310344827589	8.081191806331468	5.133159268929499	7.46	9.41564171122995	11.6023035230352	10.6793800539084	9.5133423180593	7.41244925575101	8.428048780487797	9.490322580645158	8.283333333333328	7.668965517241379	5.813888888888889	6.70384615384615	6.51724137931035	6.94	8.3	7.728124999999999	5.95	5.27586206896552	4.821428571428569	7.06666666666667	5.2	6.81	5.26666666666667	8.43265027322404	7.84272237196766	8.488663967611338	10.88410041841	8.10730253353204	10.0083557951482	8.11071428571429	6.691428571428569	10.375	9.451358344113839	8.14747081712062	6.47435567010309	6.304545454545448	8.52057613168724	9.447368421052626	12.6452806122449	12.9775928297055	11.1824516129032	7.93035714285714	8.504840764331208	9.102500000000002	9.242857142857138	8.24358974358974	10.2	8.47142857142857	8.212	6.82727272727273	7.84	6.3	8.15384615384615	8.548275862068968	9.23448275862069	10.3727272727273	8.133333333333328	7.73333333333333	6.962499999999999	4.0	6.9	8.4875	9.30909090909091	11.0111111111111	5.927586206896548	6.1	5.624137931034478	7.318855555555558	7.38338	6.8582125	4.90315	6.1862	6.40728	8.075	7.56	9.10909090909091	8.67272727272727	6.75	6.0375	4.53636363636364	8.8625	5.04285714285714	7.859999999999999	5.96666666666667	11.6259259259259	10.9935483870968	12.1432741116751	10.6869230769231	11.7668773704172	11.8270304568528	13.832	14.1915384615385	13.0540750323415	12.6697009102731	9.93041237113402	10.7522580645161	13.8314621409922	10.241796875	13.1469598965071	10.2097922848665	9.83333333333333	8.77307692307692	7.13	5.90645161290323	10.5527080581242	9.434289617486344	11.5145139813582	12.3981358189081	12.1179790026247	10.9028720626632	8.37362784471218	9.43955739972338	12.0997300944669	8.39757085020243	11.4228459530026	8.6557486631016	8.32070365358593	6.590994623655908	11.2466854724965	0.0	7.52706359945873	7.015813253012049	7.74744827586207	13.4636363636364	11.27	6.47	7.71	9.040000000000001	9.14444444444444	8.210000000000001	11.35	8.51	8.18	13.33	11.48	6.819999999999999	6.952941176470589	8.141176470588228	9.31333333333333	8.71428571428571	9.65384615384615	8.20909090909091	5.43333333333333	5.48461538461538	7.77857142857143	5.28333333333333	4.4	5.275	5.375	12.01	8.33	8.41818181818182	0.0	0.0	10.78	12.0454545454545	10.9454545454545	9.27	12.3561994609164	10.5972527472527	8.39500674763833	8.31943319838057	9.09240162822252	9.218181818181818	9.540000000000001	6.149999999999999	4.9	6.95	7.01	6.75	9.16363636363636	10.7445333333333	8.32164674634794	7.2984	8.882242990654214	8.918255033557048	7.91732394366197	8.58923283983849	8.00551839464883	15.515	11.11546	5.847899999999999	0.0	0.0	11.8928142857143	15.23	11.67	5.83333333333333	6.26363636363636	7.87727272727273	9.48	7.89333333333333	8.95454545454546	8.95	5.877777777777779	5.05	8.05384615384615	5.2	6.3	5.51666666666667	5.224999999999999	6.82222222222222	5.33636363636364	9.17272727272727	7.528571428571429	8.1125	7.28	8.27313432835821	10.6588483146067	11.0906630581867	9.754748603351958	7.567571234735408	7.64727520435967	8.4570460704607	10.0861591695502	8.14512893982808	9.27540983606557	7.68460471567268	15.3463114754098	11.304275862069	9.21910569105691	7.4755894590846	11.7953741496599	0.0	9.41084010840108	4.78	8.37539118065434	0.0	0.0	10.5171385991058	12.9150943396226	12.1469002695418	14.6227994227994	11.4764264264264	11.5564864864865	5.148915989159889	9.2900269541779	4.598097826086958	6.41900269541779	7.197304582210239	5.02264150943396	13.9433333333333	14.04	7.78285714285714	6.1	9.9	10.7617647058824	9.21428571428571	12.3516129032258	10.4875	6.93333333333333	5.73225806451613	10.2794117647059	5.78076923076923	6.756	6.34117647058823	6.964516129032259	15.0190476190476	13.6	6.50833333333333	5.822580645161288	15.6681365576102	12.6637662337662	10.8698666666667	13.6611920529801	10.943137254902	9.67653213751868	5.002924791086349	9.35397653194263	5.20808823529412	5.40337837837838	5.358916478555298	5.62727272727273	7.164850136239778	5.452904564315348	9.6821270310192	6.296875	7.337080291970799	7.827060439560439	4.92574123989218	7.722580645161289	6.522580645161288	0.0	5.955555555555559	7.360869565217389	7.55161290322581	6.51666666666667	19.3598529411765	13.0708724832215	11.4311756935271	9.02933947772657	18.303513909224	16.0405585106383	15.1099300699301	14.8672	12.2340659340659	10.7958795562599	11.7402597402597	16.6697771587744	9.33973333333333	9.31405405405405	13.4176788124157	10.5722772277228	17.1	11.2935483870968	11.8862068965517	11.8888888888889	16.60689655172409	15.2357142857143	15.0042176870748	10.375204359673	9.61765498652291	8.294843749999998	11.477027027027	9.98465829846583	9.999313186813186	8.17309782608696	15.7294117647059	15.5794117647059	10.7488431876607	9.597548387096768	13.1215841584158	14.1659297789337	12.7302739726027	14.04682230869	10.4518758085382	11.1041237113402	9.0358938547486	10.7504261363636	9.83274695534506	9.74561403508772	7.229052969502409	14.0515695067265	12.4012129380054	14.5789473684211	11.3522207267833	10.0662618083671	10.2540740740741	10.2485829959514	9.47965299684543	9.95475543478261	9.99274965800274	9.8497975708502	12.3114285714286	14.9694444444444	8.83	7.765853658536589	10.1763485477178	10.6363636363636	11.4025641025641	11.4075	12.7619047619048	8.6325	7.054999999999999	6.54222222222222	8.133333333333328	7.17222222222222	6.87941176470588	8.70683311432326	8.27924281984334	11.3421832884097	12.8580555555556	13.6808098591549	14.2945799457995	10.9475033738192	9.08286099865047	9.25964673913044	12.5615696887686	7.65879945429741	8.7708276797829	10.670189701897	8.735501355013548	12.0151988636364	11.4745222929936	12.1658031088083	7.68125	0.0	7.13535353535354	7.694216417910448	11.1786111111111	11.2473684210526	12.05	6.04285714285714	5.44117647058824	5.555555555555558	6.78181818181818	5.99333333333333	9.07142857142857	7.189999999999999	7.07007978723404	8.2716955941255	7.80663129973475	10.9735251798561	7.763122476446839	5.73241590214067	8.123221476510066	17.14	12.81	9.08	8.56256544502618	15.0446111869031	18.5471854304636	9.768609865470848	15.1390883977901	10.8316155988858	10.053835978836	9.07104557640751	16.5379194630872	6.504838709677419	5.4407514450867	10.9468085106383	8.90242165242165	9.05795454545455	14.3086363636364	14.6514950166113	10.956462585034	13.9578488372093	11.0211956521739	9.94701086956522	8.784540389972148	17.7054621848739	7.662572254335258	12.5181818181818	11.9875	5.52	4.67	7.609999999999999	9.700000000000001	6.18	10.2	13.7333333333333	13.1555555555556	6.56	6.23	8.9375	11.9888888888889	9.02	10.8909090909091	10.7649513212796	9.70269905533064	7.7859649122807	11.1173854447439	8.40915208613728	8.91064690026954	7.60933908045977	9.66696428571429	7.33486486486486	8.75393586005831	10.6471467391304	7.96212938005391	9.84093406593407	8.10617283950617	10.9923076923077	8.07142857142857	7.32666666666667	6.5375	6.79230769230769	9.473940345368923	11.4886657101865	10.6234437086093	10.8318666666667	9.232275132275129	6.40909090909091	8.83333333333333	13.5272727272727	10.8221621621622	10.4564066852368	9.217664670658678	15.8032033426184	9.0221768707483	8.85835579514825	12.1699101796407	8.48178137651822	13.9397849462366	11.5586138613861	10.5091767881242	10.3812415654521	9.05922165820643	10.7894736842105	10.1553741496599	12.28125	11.8571428571429	5.74285714285714	5.95625	9.986666666666673	10.4	8.45714285714286	9.700000000000001	9.769230769230768	5.53076923076923	6.19166666666667	7.63571428571429	6.86666666666667	4.61666666666667	5.31666666666667	6.04615384615385	11.11	12.08	5.95	6.145454545454549	9.288888888888888	8.790000000000001	6.28888888888889	13.85	10.4886075949367	8.27661290322581	7.048005319148939	9.62942743009321	8.80373443983403	8.927966101694918	8.35128983308043	8.599075500770418	0.0	6.15962857142857	6.50038181818182	8.55047777777778	10.4664647058824	8.15988779803646	Aerosol Optical Depth
Ground Station PM2.5

Autumn (SON) Florida: PM2.5 - MODIS AOD 
(2000-2015) 
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