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1. Abstract
Global water resources are important for societies, economies, and the environment. In Niger, limited water resources restrict the expansion of communities and agriculture. Mercy Corps, a humanitarian aid agency, currently works in over forty countries around the world to address a variety of stresses. These include water resources and building long-term food resilience. A partnership between NASA DEVELOP and Mercy Corps was established as a means to facilitate the integration of NASA Earth observations into Mercy Corps’ resilience building process. Using the Tropical Rainfall Measuring Mission (TRMM), Global Precipitation Measurement (GPM), and Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS), the team created a precipitation climatology that highlights low and high rainfall from 1981 to 2016. A Google Earth Engine tool, RAIn (Rainfall Analysis Integration), was built to help visualize and analyze both environmental and socioeconomic datasets. This tool allows for near real-time updates of trends in precipitation and improves Mercy Corps’ ability to spatially evaluate changes in resiliency by monitoring shocks and stressors.
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2. Introduction
2.1 [bookmark: _1fob9te]Background Information
Our study area, Niger, is a landlocked country located in Western Africa, surrounded by Mali, Algeria, Libya, Chad, Nigeria, Benin and Burkina Faso (Figure 1). The country has an area of 1,267,000 square kilometers and a population of over 20 million (DeSA, U.N., 2013). In 2010, 49% of the population in Niger was under the age of 15 (United Nations, 2012). Approximately a fifth of the country lies in the Sahel bioregion (southern area), while the remaining portions of the country are desert (northern and central areas). Within the Sahel there are two major agricultural zones: agropastoral and pastoral. It is for this reason that most Nigeriens are either farmers or herders (Thébaud & Batterbury, 2001). 
[image: Study Area map.png]
    Figure 1. Study Area Map
Considering that most people in Niger rely on rainfed agriculture, water, particularly precipitation, is exceedingly important for their livelihoods. When the rainy season arrives, farmers quickly sow their land, most often planting millet, sorghum, or cowpea (Mercy Corps, 2016). Recently, the rainy season has become increasingly irregular, causing many agricultural issues. Herders who rely on grasses and shrubs also face similar difficulties with inconsistent seasons. “In the last 30 years the climate of the West African Sahel has shown various changes, especially in terms of rainfall, of which inter-annual variability is very high. This has significant consequences for the poor-resource farmers, whose incomes depend mainly on rainfed agriculture” (Mohamed, Van Duivenbooden, & Abdoussallam, 2002).

Precipitation plays an important role in understanding the availability of water resources, but does not provide a comprehensive overview of water resource utility. When examining areas with limited precipitation, “findings suggest that increasing agricultural drought does not originate from a decreasing annual amount of rainfall. However, other daily rainfall parameters more important for crop biomass productivity than total rainfall amount, such as the number of dry spells, do appear to have recently worsened” (Wildemeersch, Garba, Sabiou, Fatondji, & Cornelis, 2015). To gain a comprehensive understanding of water resources, incorporation of groundwater, surface water runoff, land cover type, frequency and quantity of precipitation, and land surface temperature is necessary. Global and tropical datasets were utilized to study the timeframe of 1981–2016.

2.2 Project Partners & Objectives
Mercy Corps evaluates communities through what is termed the Strategic Resilience Assessment Process, or STRESS. By understanding the shocks and stressors that communities face, they are better able to connect people to necessary resources. A recent Mercy Corps STRESS analysis showed that poverty, conflict, political instability, and drought are of the highest concern in Niger (Mercy Corps, 2016). The STRESS process centers on local expert knowledge and quantitative data to develop a theory of change, system maps, and stakeholder maps. The four-phase process includes: scope, inform, analyze, and strategize. The theory of change and adaptive management processes then take an iterative approach to embrace complexity, develop capacity, foster “good enough” mentality, and fill knowledge gaps (Mercy Corps, 2016). STRESS does not currently incorporate NASA Earth observations into Mercy Corps’ decision-making processes largely because it is difficult to understand the interactions between the communities and their environment. 

Products generated by this project enhance Mercy Corps and its in-country stakeholders’ ability to assess the role of precipitation as a shock or stressor for which a community must plan for in Niger. This addressed NASA’s water resources national application area by using precipitation Earth observations to aid Mercy Corps’ resiliency planning abilities. The main product, a tool called Rainfall Analysis Integration (RAIn), will help Mercy Corps visualize a variety of datasets, both relating to social and economic variables as well as remotely sensed variables. As most NASA Earth observations used in this project are spatially continuous data sets, with only a few minor adaptations, RAIn can be modified for use in decision-making regardless of the geographic interest of the Mercy Corps team. This tool provides Mercy Corps with a new, holistic view of resiliency that could provide lessons learned around shared characteristics between geographically-divided communities dealing with similar issues. Therefore, the main objective for this project was to enhance Mercy Corps’ ability to assess the role of precipitation as a shock or stressor by addressing historical precipitation trends and creating an easy-to-use interface for decision-making.  
[bookmark: _3znysh7]3. Methodology
3.1 Data Acquisition 
A combination of NASA Earth observations available through Google Earth Engine and ancillary datasets from various sources were used. Table 1 includes the data type, source, dates of imagery, and product level for each dataset. For performing a harmonic trend analysis in TerrSet, Terra MODIS NDVI (MOD13A2), 16 day vegetation indices for 2001–2016, was manually downloaded from NASA’s Reverb ECHO tool. 
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Table 1. Data Descriptions

3.2 Data Processing
All datasets were kept at their original resolution for visualization purposes. Much of the datasets were global, tropical, or regional in nature and, thus, were subset to Niger’s borders. In order to calculate the normalized difference drought index (NDDI), both the normalized difference vegetation index (NDVI) as well as the normalized difference water index (NDWI) were utilized. All three indices were calculated using the moderate-resolution imaging spectroradiometer (MODIS) surface reflectance bands. Equations for the aforementioned indices are listed below.
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In addition to environmental layers, a variety of socioeconomic metrics such as age structures, population density, armed conflict, and malaria infection rates in children under 5, were integrated into the tool. Considering that women of childbearing age (10-18 years) and child under the age of 5 years old are classified as vulnerable groups” (Tatem et al., 2013), using the age structures data, the age brackets of 0-5 years old, 10-15 years old, and 15-20 years old were identified, extracted, and subsequently mapped. The various socioeconomic datasets were used as a means to explore possible correlations between the social and environmental factors. 
3.3 Data Analysis
The MODIS NDVI time series data in TerrSet was analyzed. The time series was fitted to a harmonics trend to visualize changes in the phenology (Verbesselt, Hyndman, Zeileis, & Culvenor, 2010). This is performed in the Seasonal Trend Analysis tool in the Earth Trends Module of TerrSet and follows the methodology created by Eastman et al. (2009). The phenological graphs depict the start of season, length of season, and intensity of vegetation greenness in both 2001 and 2016 to give an idea of the changes over that time frame. 

3.4 Data Visualization
A tool in Google Earth Engine (GEE) was created in order to facilitate visualization and reanalysis of data for our project partners. An introduction panel that contains instructions on how to use the tool as well as the origin, spatial resolution, and year for each dataset was also included. The tool includes the option to select a date of interest to create weekly totals of precipitation data and weekly averages of temperature, drought index, and vegetation index values. The user is also able to select social and economic datasets to explore potential relationships between environmental and community variables. Corresponding legends are available in a pop up box. The user can select a point on the map and time series charts of precipitation, land surface temperature, and NDVI are created. These charts are interactive and can be exported by the user in tabular format, thus, allowing the opportunity for more in-depth statistical analyses outside of the Google Earth Engine platform. A single GRACE groundwater model image is hosted within the tool as an example of how datasets can be incorporated as they are developed. 
[bookmark: _2et92p0]4. Results & Discussion
4.1 Analysis of Results
[bookmark: _c3x30k1264]Within Google Earth Engine we created an easy to use interface which calls on the repositories of MODIS NDVI, NDDI, and land surface temperature (LST) as well as TRMM, CHIRPS, and global precipitation measurement (GPM). The user inputs a specific date and each dataset can be visualized almost instantaneously. For precipitation datasets, weekly totals are presented. For the other datasets and indices, weekly averages are presented. Time series of MODIS LST, MODIS NDVI, and CHIRPS are visualized through the Google Earth Engine console for the area that the user selects with the cursor. These charts are interactive and can be exported in multiple formats. An example of these charts are shown below (Figure 2). 
[bookmark: _wfzrrs23zjsc]
[bookmark: _2s8w9nz0thh9][image: ]
[bookmark: _xl0uu3imdvm1]Figure 2. Time Series Charts of Precipitation, LST, and NDVI

[bookmark: _pj17ju7kzwuh]While a variety of datasets are relevant to humanitarian aid, few are spatial and up to date. In RAIn, we incorporated administrative boundaries, elevation, and human population density to better orient the user to the country. If the user finds it helpful they can switch from a simple base map with cities to a satellite composite base map. In order to give further insight into the regional dynamics, we included the agricultural zones, demographic information, malaria infection rates, and armed conflict events. RAIn is designed to be user friendly and allows for multiple datasets to be displayed simultaneously with corresponding legends (Figure 3).
[bookmark: _ee7qeyslxmf2][image: ]
[bookmark: _3i9tw5mmbugp]Figure 3. Precipitation and population density layers visualized in RAIn

[bookmark: _4dnek9ntmu2p]As inconsistent seasons present major challenges to the dominant livelihoods in Niger, we began to examine this issue by performing a harmonic trend analysis using Google Earth Engine which produced the following trend visualization (Figure 4). While interesting, this chart is difficult to interpret and does not help us understand how different areas are experiencing change. 
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[bookmark: _jrww7ia056nj]Figure 4. Harmonic Trend of MODIS NDVI Produced in Google Earth Engine
[bookmark: _x0yocpyx80yr]
[bookmark: _y9soyfgye7sa]Therefore, in order to be able to interpret the harmonic trend, we performed a Seasonal Trend Analysis (STA) in TerrSet’s Earth Trends Modeler to better understand the changing phenology. We used Terra MODIS NDVI to perform a harmonic trend analysis in which provides an interpretation window to explore trends in specific areas. This allowed us to visualize changes in the seasons of Niger since 2001 (Figure 5). While some areas are experiencing earlier and more intense seasons (Figure 6), other areas are having later and less intense seasons (Figure 7). 
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[bookmark: _anvsyymflevn]Figure 5. Phases Derived from Seasonal Trend Analysis of 2001-2016 MODIS NDVI 1km 16 Day Time Series
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[bookmark: _w0csolr0rp6h]Figure 6. Pink Areas of the Seasonal Trend Analysis Indicate Earlier, More Intense Seasons by 2016
[bookmark: _3k7w20vqybe0]
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[bookmark: _8g4z0vs96ll4]Figure 7. Teal Areas of the Seasonal Trend Analysis Indicate Later, Less Intense Seasons by 2016

4.2 Future Work
The NASA and Mercy Corps partnership is founded upon the overarching idea of using NASA Earth observations as a means to understand water resources, for the purpose of informing Mercy Corps’ decision-making processes. Many different factors heavily influence water resources in the region including agriculture, groundwater, surface water, and land cover. For this reason, multiple research teams at NASA are collaborating with Mercy Corps on better understanding these other environmental factors. At this current moment, most of these projects operate independently from one another. It would thus be much more effective for all the results from these ongoing projects (e.g. land cover change, GRACE groundwater) to be combined together and visualized on a single dashboard. This would make viewing and analysis of the various datasets profoundly easier for Mercy Corps. The hope is that in the coming years this project would be expanded to include all of the countries that Mercy Corps operates in. Ideally this will be built in Google App Engine in order to harness the abilities of Google Earth Engine, private datasets stored on geoservers, and have a more adaptable user interface.

Another future project could involve the creation of a Raspberry Pi based portable computing unit and geoserver, which could be taken directly into the field. Similar to the American Red Cross’ Portable OpenStreetMap (POSM), this tool would enable field teams to access and analyze data while disconnected from the internet. Taking into consideration the countries that Mercy Corps works in, such as Niger, being able to access and analyze data layers while offline would be profoundly important. Additionally, in the future we hope that the NASA and Mercy Corps partnership would be able to directly deliver this type of information and technology to individuals on the community level in order to inform farmers of planting conditions. While this falls outside of the scope of NASA DEVELOP’s projects, this could possibly be completed by NASA SERVIR.
5. Conclusions
By creating a tool in Google Earth Engine that incorporates both NASA Earth observations and socioeconomic data, Mercy Corps will be better able to understand relationships between the environment and communities. RAIn will allow Mercy Corps to expand the spatial component of their STRESS process and better inform planning and implementation of their programs. The Seasonal Trend Analysis will aid Mercy Corps’ agriculture team in addressing changing seasons and the various implications for farmers relying on rainfed agriculture. The analysis will also help them understand changes in traditionally pastoralist landscapes. 
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[bookmark: _1t3h5sf]7. Glossary
CHIRPS – Climate Hazards Group InfraRed Precipitation with Station data
Earth observations – Satellites and sensors that collect information about the Earth’s physical, chemical, and biological systems over space and time
FEWS NET – Famine Early Warning System Network
GADM – Global Administrative Areas
GEE – Google Earth Engine
GPM – Global Precipitation Measurement
GRACE – Gravity Recovery and Climate Experiment
LST – Land Surface Temperature
MODIS – Moderate Resolution Imaging Spectroradiometer
NDVI – Normalized Difference Vegetation Index
NDWI – Normalized Difference Water Index
NDDI – Normalized Difference Drought Index
POSM – Portable OpenStreetMap
Shocks – Sudden environmental or human factors that decrease resilience of a community; examples include drought, political instability, locusts, food prices, and terrorism 
STRESS – Strategic Resilience Assessments. The assessment focuses on scope, inform, analyze, and strategize processes to develop a “Theory of Change”. The guiding questions for STRESS are “Resilience of what?”, “Resilience for whom?”, “Resilience to what?”, and “Resilience through what?” 
Stresses – Long term obstacles to resilience; examples include climate change, increased birthrate, and change in predictable rainy season.
Theory of Change – A document created out of the STRESS assessment that focuses on the long-term vision of development, relief, or recovery work
TRMM – Tropical Rainfall Measuring Mission
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to calculate the normalized difference drought mdex (NDDI), both the normalized difference
vegetation index (NDVI) as well as the normalized difference water imndex (NDWI) were utilized. All
three indices were calculated using the moderate-resolution 1imaging spectroradiometer (MODIS)
surface reflectance bands. Equations for the aforementioned indices are listed below.
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mto the tool. Considering that women of childbearing age (10-18 years) and child under the age of 5
years old are classified as vulnerable groups” (Tatem et al., 2013), using the age structures data, the
age brackets of 0-5 years old, 10-15 years old and 15-20 years old were identified, extracted, and
subsequently mapped. The various socioeconomic datasets were used as a means to explore possible

correlations between the social and environmental factors.

3.3 Data Analysis
The MODIS NDVT time series data in TerrSet was analyzed. The time series was fitted to a harmonics trend
to visualize changes in the phenology (Verbesselt, Hyndman, Zeileis, & Culvenor, 2010). This is performed in
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