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Presentation Notes
In the fall of 2018, Osa Peninsula Water Resources III team of NASA DEVELOP, Georgia - Athens node used NASA Earth Observations to monitor water conditions in Costa Rica. 
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 Osa Peninsula and Golfo Dulce, Costa Rica

 Home to 2.5% of the Earth’s biodiversity 

 “The most biologically intense place on Earth”–
National Geographic

 Four river deltas of interest
 Rio Coto, Rio Esquinas, Rio Rincon, and Rio Tigre

Credit: NASA

Basemap credit: ESRI 

Presenter Notes
Presentation Notes
For this project, we studied the Osa Peninsula in Costa Rica. National Geographic has called the Osa Peninsula, “the most biologically intense place on Earth”— despite only being roughly double the size of New York City, it houses 2.5% of the world’s biodiversity and contains the most significant wetlands mangrove forest in Central America. The Osa Peninsula surrounds one of four tropical fjords on the planet, the Golfo Dulce. Four main rivers drain into the gulf: Rio Coto, Rio Esquinas, Rio Rincon, and Rio Tigre, indicated in blue. Coral reefs are scattered along the gulf’s coastlines, indicated in pink.  We partnered with Osa Conservation, a grassroots nonprofit organization dedicated to conserving the wealth of biodiversity on the Osa Peninsula and in the adjacent Golfo Dulce. We had the privilege of working with Hilary Brumberg, Dr. Noelia Hernandez, and Mónica Espinoza Miralles from the organization. Their consistent feedback and supplementary research has informed our analyses and refined the quality of our outputs.�For more details on the biodiversity in the Osa Peninsula, please check: http://osaconservation.org/about-the-osa-peninsula/Basemap credit: ESRI ArcMap Pro 10.5�



Community Concerns 

Credit: Osa Conservation 

 Human Impact: Deforestation and the extensive use of pesticides and fertilizers 
have caused water pollution and a loss of biodiversity, specifically increasing the 
need to protect biological corridors.

 River Health: Runoff from these land use changes has impacted river health, 
which in turn deposit pollutants into the gulf. 

Coral Reef Health: Understanding how changes in water parameters impact the 
health of coral reefs in the gulf is essential to protecting marine ecosystems and 
local food security. 

Presenter Notes
Presentation Notes
In the Osa region, land use changes, such as deforestation and urbanization, have destabilized river banks and increased pollutant runoff into local rivers that drain into the gulf. The consequences of these changes are affecting terrestrial, riverine, and marine ecosystems. In response, scientists at Osa Conservation have extended their work to cover the adjacent Golfo Dulce. They are currently using extensive field monitoring and lab analysis to study and manage species within the gulf.  As part of these efforts, the organization is looking for areas to implement coral rehabilitation where reefs have been damaged by natural or human settlement disturbances. Since coral are highly sensitive to changes in water quality, these increased pollutants have caused coral die offs in the gulf. Coral reefs in the Osa region provide key ecosystem services like shoreline protection, habitat, and food security for aquatic species and humans. Remote sensing helps to solidify this ongoing research by better prioritizing and identifying suitable locations to allocate reef rehabilitation and new artificial reef formation efforts within the gulf. �Photo Credit: http://osaconservation.org/�



Objectives 
 Investigate river deltas in the Golfo Dulce and assess turbidity change per season

 Produce time series maps for average annual turbidity, maps of seasonal 
differences in median turbidity and average SST, bivariate change in SST and 
turbidity map 

Create a correlation chart for the relationship between turbidity and SST

 Identify areas of the Golfo Dulce most suitable for coral restoration

 Produce an interactive SST map tool for 2002 to 2018

Credit: Osa Conservation

Presenter Notes
Presentation Notes
We produced time series Normalized Difference Turbidity Index, or NDTI, maps for five year intervals spanning the last 30 years. These maps will be used to assess long term fluctuations in gulf turbidity and to connect these changes with land use changes on the peninsula.We also assessed seasonal fluctuations in gulf turbidity and sea surface temperature, abbreviated as SST, over the past three years to aid in our analysis of the stability of water parameters across the  gulf. The changes between the dry and wet seasons were analyzed.To best aid Osa Conservation in their ongoing mission to rehabilitate coral reefs in the gulf, we created interactive tools to analyze specific points in the gulf based on SST and NDTI. We also produced a final coral reef rehabilitation suitability map of the gulf by overlaying our previous analyses.�Photo Credit: http://osaconservation.org/�
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Presenter Notes
Presentation Notes
We used several satellites and sensors from NASA to conduct our analysis. For our 30 year NDTI study, we used Landsat 5, 7, and 8. For our seasonal SST study, we used Aqua MODIS. �






Methodology
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Presenter Notes
Presentation Notes
This diagram shows the overall methodology for our project. We used Landsat 5, 7, and 8 red and green bands for surface reflectance to analyze NDTI from 1986 to 2016 in five year intervals using the Google Earth Engine API. We used these sensors in addition to Aqua MODIS to produce seasonal time series for NDTI and SST from 2015 to 2018. These maps were then overlaid to create a final coral restoration suitability map.
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Presenter Notes
Presentation Notes
This diagram shows the final end products of our term, Osa Water Resources 3. Used in conjunction with the end products from the previous two terms, these resources will help Osa Conservation in their efforts to protect terrestrial and marine environments. They will use our combined analyses to inform decision makers about suitable areas for coral reef restoration, and connect causes of reef decline to sources of land use change upstream. 



Results

Credit: Osa Conservation
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Photo Credit: http://osaconservation.org/



Presenter Notes
Presentation Notes
The NDTI tool automatically prepopulates layers that are wet season NDTI composites from August – November for the years 1986, 1991, 1996, 2001, 2006, 2011, and 2016, as well as a land mask. You can toggle layers under the layers bar in the top right corner. Each layer is 100% opaque, so if you turn on multiple layers, only the ordered top layer will be displayed. Data for NDTI is relatively displayed using a color bar as seen on the lower left of the screen. Areas on the map that are pink or purple represent high turbidity, and areas that are colored blue or green represent low turbidity.






Results: Turbidity 
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Presenter Notes
Presentation Notes
Our team looked at turbidity from 1986 to 2016. By observing the gulf over this time period we were able to analyze long term effects and draw connections to Forest Law 7575 of 1996.



Results: Turbidity 
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Presenter Notes
Presentation Notes
To assess the impact of the law more closely, we compared our turbidity maps from 1996 and 2016. When we compare the two maps, there is a notable decrease in turbidity throughout the gulf. Note that turbidity around the largest river delta, the River Coto, remains relatively high and constant over the time period. This helps to validate our results showing a significant decline in turbidity. 
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Presenter Notes
Presentation Notes
This decrease was also evident when we produced a map taking the difference between the medians for 1996 and 2016 for each location in the gulf. The may be due to incentives for reforestation associated with the forest law.



Presenter Notes
Presentation Notes
An interactive sea surface temperature tool allows the user to view a time series chart of temperature fluctuations on any selected point within the gulf. The user can also to select years and season of interest to display and export maps of the median composite SST for that period. Temperature in Celsius is represented on a color scale, where red and pink are higher temperatures and areas of orange and yellow are lower temperatures. 






Results: SST 
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Presenter Notes
Presentation Notes
Here are example exported maps from our Aqua MODIS tool. Temperatures have increased from 2003 to 2017, consistent with chart outputs. There are also significant temperature seasonal fluctuations between 26 and 33 degrees Celsius.



Presenter Notes
Presentation Notes
This bivariate tool looks at fluctuations in SST and NDTI between the wet and dry seasons. It creates a bivariate map that combines these two parameters for 2015 through 2017 individually and a three-year average. Combining the processing and analysis of seasonal fluctuations for both parameters into one map enables the user to pinpoint areas that are best suited for coral restoration. �






Results: Bivariate
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Presenter Notes
Presentation Notes
The bivariate key can be thought of as a color gradient for the two water characteristics. White represents low turbidity and SST, red represents high turbidity and low SST, blue represents areas of low turbidity and high SST, purple represents areas of high turbidity and high SST.



Results: Bivariate 
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Presenter Notes
Presentation Notes
The bivariate map can also be thought of as a combination of the SST and NDTI fluctuation maps.



Results: Bivariate
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Presenter Notes
Presentation Notes
This mean fluctuation bivariate map from 2015 through 2017 shows various degrees of changes in our two water parameters. Minimal fluctuations in NDTI and SST are seen in the northwest region of the gulf. With the sensitive nature of coral, this area could potentially be a good location for coral restoration



Results: Bivariate
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Presenter Notes
Presentation Notes
When comparing the medians of our two parameters, SST and NDT during the wet seasons we see opposing trends.



Conclusions 

Credit: Osa Conservation 
Credit: Osa Conservation 

 There is a noticeable decrease in NDTI over the gulf from 1996 to 2016 potentially 
due to incentives for reforestation efforts after Forest Law 7575.

 Río Coto shows little fluctuation in NDTI over the past 20 years. However, the 
mouth feeding into the gulf is a highly turbid area.

 Minimal fluctuations in NDTI and SST are seen in the northwest region of the gulf. 
With the sensitive nature of coral, this area is the most suitable for their restoration.

 NDTI and SST do not show strong correlations. However, median SST in the gulf 
has continually increased over the past 15 years while NDTI is variable with a 
downward trend.

Presenter Notes
Presentation Notes
In summary, over the last 30 years, there seems to be a noticeable decrease in turbidity within the gulf. Fluctuations for the largest river, River Coto, show high turbidity but low fluctuations. We observed only small changes in sea surface temperature and turbidity in the northwest region of the gulf. Although temperature and turbidity showed opposing trends, we cannot conclude direct correlations between the two.Photo Credit: http://osaconservation.org/ 



Limitations
 SST data from Aqua MODIS have a low spatial resolution of 500m. 
We were unable to study NDTI upstream of the river deltas with Landsat data 

because the rivers’ widths are less than 30m.
 The Landsat green band used to calculate NDTI cannot differentiate between 

inorganic pollutants and organic molecules suspended in the water.
Without ground truth data points, we cannot calculate absolute values for 

turbidity in the gulf.
 It is difficult to differentiate between the land and gulf on the bivariate and SST 

maps because of type overlapping in 500 m pixels.

Credit: Osa Conservation 

Credit: Osa Conservation 

Presenter Notes
Presentation Notes
Our chosen analyses had some quality limitations because of the lack of available data for Costa Rica. Aqua MODIS SST data has a spatial resolution of 500m. This limited our ability to provide precise measurements for specific points within the gulf. Similarly, the spatial limitations of Landsat data, which has a 30m resolution, prevented us from studying NDTI upstream of the river deltas.We were also restricted in how detailed our NDTI analysis could be. Because this analysis was based on surface reflectance, we could not perfectly extract whether fluctuations were a result of sediment pollution, chlorophyll, or aquatic vegetation. Finally, due to the lack of available, current in-situ data for the gulf, we were unable to devise an empirical formula for calculating the absolute value of turbidity. Photo Credit: http://osaconservation.org/�



Current Work 

Credit: Osa Conservation 

 Analyze seasonal salinity fluctuations in the gulf.

 Analyze river deltas using finer spatial resolution data from PlanetScope (3m) 
and Sentinel-2 (MSI) (10m).

 Assess how changes in water parameters impact mangrove population health 
in the gulf.

 Analyze SST using finer spatial resolution data from Terra ASTER (90m).

 Calculate absolute turbidity using an empirical formula to differentiate 
between organic and inorganic matter.

 Determine sources of upstream pollutants from past and current land use 
change and associate those to turbidity concentrations within the gulf.

Presenter Notes
Presentation Notes
Based on the guided research questions provided by Osa Conservation at the beginning of the term, we selected the analyses most feasible and immediately useful to our partner. However, their additional questions could also be answered using future remote sensing analysis.One such project would be to look at salinity as a third parameter to observe using earth observations. Furthermore, we could analyze river delta turbidity with a finer spatial resolution and extend this analysis further upstream to more concretely connect land use changes to changes in gulf parameters.Another project could be done to assess how changes in water parameters like turbidity and SST impact mangrove population health in the gulf. Though this is the final term of Osa Peninsula Water Resources, we hope that Osa Conservation has found our analyses valuable and continues to seek resources to implement remote sensing in their future works, enhancing their abilities to conserve their local environments.  �Photo Credit: http://osaconservation.org/�
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