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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”]
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[bookmark: _Toc334198720]II. Introduction
Background Information 	Comment by clr: It’s better not to use sub-lettering here because it makes it seem like this is an outline, not a paper. Remove the “a.” and the letters below.	Comment by Orne, Tiffani N. (LARC-E3)[SSAI DEVELOP]: I made this change
There are over 2000 islands in the U.S.-Affiliated Pacific Islands (USAPI); these islands, which are highly susceptible to extreme events such as drought and floods (Schroeder et al. 2012). These extreme events directly influence the quality of freshwater and the overall availability of freshwater resources by island communities. Accessibility to fresh water is heavily dependent upon the amount and rate of precipitation received within a given month, season, or year (Kruk et al. 2015). Due to the location of the USAPI, many of the islands experience dramatic variations in precipitation during the different phases of the El Niño - Southern Oscillation (ENSO). The ENSO is an oceanic-atmospheric phenomenon that influences precipitation distribution around the world (Rasmusson and Wallace 1983; Ropelewski and Halpert 1987).  Rainfall in the Tropics region is especially affected by strong ENSO events (Schroeder et al. 2012; Kruk et al. 2015). During strong warm ENSO phases, such as the 1997/1998 El Niño event, extremes in precipitation distribution have significant socioeconomic impacts throughout the USAPI (Hamnett et al. 1999; Schroeder et al. 2012). This event in particular was responsible for crop losses across most of the USAPI  except in Guam , water rationing in the Marshall Islands and Federal States of Micronesia, wildfires in Pohnpei, Chuuk, Yap, Palau, and Guam, and loss of livestock in the Northern Mariana Islands (Hamnett et al. 1999; Schroeder et al. 2012). Cool La Niña phase events generally have less severe precipitation-related impacts widely; however, these events can negatively impact surface and groundwater availability through episodes of large surf and high sea levels (Schroeder et al. 2012). Furthermore, ENSO cycles affect tropical cyclone frequency and distribution in the region, adding more complexity to seasonal precipitation outlooks (Hamnett et al. 1999).

Established in 1994, the Pacific ENSO Applications Climate (PEAC) Center works to provide in-depth climatological forecasts as they relate to management of climate-sensitive sectors such as water resources, agriculture, aquaculture, changes in rainfall patterns, sea level, and tropical cyclone activity for the USAPI (Hamnett et al. 1999; Schroeder et al. 2012).  Currently, PEAC collaborates with representatives from local Weather Service Offices (WSOs) to create precipitation forecasts and outlooks. Using a blend of current observations, dynamic and statistical atmospheric model output, and local expertise, forecasters issue probabilistic seasonal rainfall outlooks (Schroeder et al. 2012).	Comment by Orne, Tiffani N. (LARC-E3)[SSAI DEVELOP]: This may need to be a new sentence. Currently, it reads “as they relate to management of climate-sensitive sectors such as… changes in rainfall patterns, sea level, and tropical cyclone activity for the USAPI,” but “changes in rainfall patterns” isn’t really a sector (agriculture, aquaculture, etc)

PEAC works with the National Oceanic and Atmospheric Administration’s (NOAA) Climate Prediction Center (CPC) to develop precipitation outlooks for the islands. The current climatology used is based on observations from 66 stations scattered throughout the Pacific Basin from 1955-1996. The database was updated in 1998 to include data from the 1997/1998 El Niño event (http://www.cpc.ncep.noaa.gov/pacdir/NINDEX22.shtml).	Comment by clr: Place in references.

While the climatology that PEAC provides is extremely useful, it could be complimented by incorporating satellite data.  This project aimed to utilize the publically available PERSIANN Climate Data Record (CDR) to compliment the station data by offering a larger spatial scope of rainfall averages. The PERSIANN CDR provides a 30-year record of global daily precipitation at 0.25° resolution (Hsu et al. 2014). This high-resolution CDR is used for an in-depth analysis of precipitation within the USAPI, which according to the literature was not previously available(Schroeder et al. 2012)).  The end products of this project complements the existing literature of how the likelihood of precipitation changes within seven specific ENSO phases, defined using the Oceanic Niño Index (ONI).	Comment by clr: Please use past tense. Also, this sentence seems a little out of place and is somewhat awkward—consider other ways to state what you are trying to say here.

Project Objectives 
1) Provide an updated ENSO based climatology (1985-2014) of long-term precipitation patterns for each USAPI using the NOAA PERSIANN Climate Data Record (CDR); 	Comment by clr: Please use a formal paragraph style here, as well as past tense.
2) Conduct verification analyses with in situ precipitation data; 
3) Determine the relationship between PERSIANN CDR precipitation and the seven ENSO phases; and
 4) Determine precipitation ranges for each USAPI Exclusive Economic Zone (EEZ) during the seven ENSO phases.

Study Area 
The U.S. Affiliated Pacific Islands (USAPI) Exclusive Economic Zones (EEZs) were utilized to establish the study areas (Figure 1) used for the data analysis.	Comment by clr: Please explain what these are.	Comment by clr: Please put the figure close to this text. 

Study Period
The study period for this project is was from January 1985 through December 2014.

National Application Areas
The application areas addressed in this project are were Water Resources and Climate. 	Comment by clr: Please write how this project addressed these areas. See the NASA application areas website for more information.
II. Methodology
The team downloaded Gglobal daily PERSIANN precipitation data at a 0.25° resolution was downloaded via ftp protocol from NOAA’s National Centers for Environmental Information (NCEI) (Table 1). Once downloaded, the global precipitation data were formatted and analyzed using the R software and ArcGIS.	Comment by clr: Please use active voice throughout this section.

Table 1. Information about each dataset used.
	
	
	RESOLUTION
	

	Product
	 Type
	Spatial
	Temporal
	Website	Comment by clr: Consider listing the providing organization and putting the website in the references section, as this will make for a cleaner, more formal look.

	Precipitation
	Satellite
	0.25°
	Daily
	http://www.ncdc.noaa.gov/cdr/operationalcdrs.html

	 
	In-situ
	point
	Daily
	http://www1.ncdc.noaa.gov/pub/data/ghcn/daily

	Oceanic Nino Index
	Model
	-
	3 month
	http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ensoyears.shtml

	World Exclusive Economic Zones (EEZ)
	Shape File
	· 
	· 
	http://www.marineregions.org/downloads.php



Information about all the software and tools utilized can be found in Appendix 1. Exclusive Economic Zone (EEZ) shapefiles were used to determine the spatial extent of each island chain within the USAPI (Table 1).

Monthly precipitation from January 1985 through December 2014 was obtained by summing daily PERSIANN precipitation data for each month. Annual precipitation amounts were obtained by summing the monthly precipitation. The 30 -year average precipitation was calculated by averaging the annual precipitation from 1985 through 2014. Additionally, all monthly averages were calculated over the entire 30 year study.Figure 1. Map of the study area with the Exclusive Economic Zones (EEZs) highlighted for each U.S. Affiliated Pacific Island (USAPI) chain. The location of the capital cities of each island chain are show with a white star along with the name of the capital city. 


 

The Ocean Niño Index (ONI) monthly data werewas obtained from the Climate Prediction Center. The ONI is a 3-month running mean value of ERSST.v4 sea-surface temperature (SST) anomalies in the Niño 3.4 region (5oN-5oS, 120o-170oW). For each station, a subset of the data was created by breaking down the months by ONI phase.  The frequency of above or below the 30 year average precipitation based on each ONI phase was then counted to ensure that the PERSIANN anomalies agreed with the station anomalies. These anomalies were then mapped based on to the corresponding EEZ region for each USAPI for each of the seven ENSO phases.  	Comment by clr: This paragraph is detailed, but is difficult for someone unfamiliar with the project to interpret. 	Comment by clr: What is this?	Comment by clr: Please clarify. How was the data “broken down?”

In addition to the remotely- sensed precipitation data used, in- situ precipitation from the Global Historical Climatology Network (GHCN) through NCEI (Table 1) was utilized. The NCEI provides a database of historical land observations which include precipitation. Daily precipitation for eleven stations was downloaded from the GHCN server (Table 2). R statistical software was then used to calculate monthly and yearly sums. These were then used to calculate monthly and yearly averages (“normals”) over the 30- year study period. In addition, a 30- year mean precipitation mean was calculated over each EEZ. Previous compilation of monthly climate normals from 1981-2010 for GHCN stations are available through NCEI. The 1981-2010 monthly precipitation normals were compared to computed station data for the same time period in order to ensure data quality and accuracy of the computation process.  For the verification process, oOnly stations with a complete record of observations from 1985-2014 were chosen for this process. After ensuringOnce the quality of the 1985-2014 precipitation data was verified, the yearly normals were averaged for each station and mapped using the ArcMap 10.3 software. 	Comment by clr: Used by whom or for what? Awkward passive construction.	Comment by clr: Do you mean a compilation of monthly climate normals? You don’t need to include “previous” because you state they are from 1981 – 2010.	Comment by clr: calculated?

	Island Chain	Comment by Orne, Tiffani N. (LARC-E3)[SSAI DEVELOP]: This could probably go in the appendix as well.
	Location
	GHCN ID
	Latitude
	Longitude
	Elevation (m)

	American Samoa
	Pago Pago
	AQW00061705
	-14.3306
	-170.7136
	3.7

	Marshall Islands
	Kwajalei
	RMW00040604
	8.7333
	167.7333
	2.1

	
	Majuro
	RMW00040710
	7.0833
	171.3833
	3.0

	Micronesia
	Yap
	FMW00040308
	9.4833
	138.0833
	13.4

	
	Pohnpei
	FMW00040504
	6.9667
	158.2167
	36.6

	
	Chuuk
	FMW00040505
	7.4500
	151.8333
	1.5

	Palau
	Koror
	PSW00040309
	7.3333
	134.4833
	28.7

	Hawaiian Islands
	Hilo INTL AP
	USW00021504
	19.7192
	-155.0531
	11.6

	
	Honolulu INTL AP
	USW00022521
	21.3239
	-157.9294
	2.1

	
	Lihue
	USW00022536
	21.9839
	-159.3405
	30.5

	Mariana Islands
	Guam INTL AP
	GQW00041415
	13.4836
	144.7961
	77.4


The 30-year mean precipitation for each station was then compared to the mean 30-yYear PERSIANN precipitation for the station location. After using the individual pixel, the average of the surrounding eight pixels were then included into a separate smoothed average. The annual precipitation value, single pixel value, and the value of the smoothed pixels were compared.	Comment by clr: Using for what? This is unclear.
  
Monthly, seasonal, and annual anomalies were calculated using the 30 -year average. These anomalies were used to make anomalous wet and dry maps for each USAPI.

Table 2. NOAA station data for eleven stations in the U.S. Affiliated Pacific Islands with continuous data records from 1985 through 2014.	Comment by clr: You may need to use a text box and group this with the table to keep them together.
[bookmark: _Toc334198730]IV. Results & Discussion

Pacific Island Nations’ leaders and decision- makers are becoming increasingly interested in growing their understanding and knowledge of regional climate variability and associated impacts, especially as they relate to ENSO cycles. Furthermore, the management and planning of the available fresh water is dependent upon officials knowing how much and when the precipitation will occur. This induces a need for an updated long-term ENSO climatology that can provide more spatially-complete insight into the precipitation trends associated with different phases on ENSO. Additionally, station data in this region is spatially sparse which can increase the uncertainty in the distribution of rainfall across the region/ or EEZ. Thus, forecasters in the region would benefit from an updated long-term ENSO climatology with increased spatial range. Additionally, according to Schroeder et al. (2012), operations at PEAC could improve by having access to more complete and reliable databases especially for purposes of better understanding ENSO impacts on individual islands. Schroeder et al. (2012) mentioned the need for a sector-specific warning system, complete with “a historical analysis of sector-specific impacts from various manifestations of ENSO (Schroeder et al. 2012, 1013)”.
  
Due to dissemination time issues, PEAC forecasters must aim for at least 1-yr long lead-time forecasts.   For example, in June 1997, PEAC predicted a considerable drought outlook for Micronesia for early 1998.  Even with a 6-8 month lead-time, successful planning required a face to face sit down with leaders of Micronesia which did not happen until 2-4 months before the onset of the event (Hamnett et al. 1999).  	Comment by clr: Reword.
Figure 2 displays the 30-year average PERSIANN precipitation for all of the U.S. Exclusive Zones for each of the USAPI. Immediately, it is clear that there is spatial variation within each of the EEZ.  Figure 2. Map showing the 30-year average PERSIANN precipitation for all of the U.S. Affiliated Pacific Islands where green represents low precipitation and red represents high precipitation. The black outlined areas around the islands show the U.S. Exclusive Economic Zones for each set of islands. The white stars represent the capital cities of the island chains.


The precipitation gradient in some of the zones, such as in the Federated States of Micronesia and the Republic of the Marshall Islands, is tremendously steep. PERSIANN also does a phenomenal job depicting the Inter Tropical Convergence Zone (ITCZ) and the South Pacific Convergence Zone (SPCZ), both of which play a significant role in precipitation amounts across many of the USAPI.	Comment by clr: Subjective.Figure 3. Map showing the 30-year average PERSIANN precipitation for the Republic of the Marshall Islands where green represents low precipitation and red represents high precipitation. The black outlined area around the islands show the U.S. Exclusive Economic Zone for the Marshall Islands. The white star shows the location of the capital city, Majuro. 


When clipped down to a specific USAPI EEZ, such as in Figure 3, PERSIANN’s resolution is well represented. In Figure 3, a clear gradient is visible, highlighting PERSIANN’s ability to pick up on specific precipitation distribution within an area as large as an USAPI EEZ. However, when zoomed into the capital city Majuro, it is evident that PERSIANN’s spatial resolution is not high enough to accurately analyze precipitation distribution over a specific island as small as this one. Although this is a limitation in as far as trying to discern precipitation distribution on a specific island due to effects of orography for example, it is clear that, from a climatological perspective, PERSIANN precipitation data is highly useful in highlighting region wide precipitation distribution. 	Comment by clr: Reword, as it is confusing what is meant by “well-represented.”



[bookmark: _Toc334198735]V. Conclusions
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Appendix 1.Information about the software utilized and the purpose of the software. 
	Software
	General Purpose
	Specific Purpose
	Libraries/Tools Used
	Website

	Wget
	DD
	· ftp download
	-
	http://www.gnu.org/software/wget/

	R
	DP, DA, DV
	· Netcdf  Raster and select study area [1]
· Statistical Analysis
- Sum/Mean of large data frames [2]
- Time series figures [3]
- Linear regression/scatterplots [4]

	- chron
- RColorBrewer
- lattice
- ncdf
- ncdf4
- raster
	http://www.r-project.org/

	ArcGIS
	DP, DA, DV
	· Clip to EEZ 
· Sum months/years (cell statistics tool) 
· Extract cell values from raster to table 
	- Clip 
- Cell Statistics 
- Sample 
	http://www.arcgis.com/

	DNPPY
	DD
	· ?
	?
	https://github.com/nasa/dnppy


General purpose : DD – Data Download, DP- Data Preparation, DA – Data Analysis, DV – Data Visualization 
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