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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	Comment by clr: Lots of passive in this section. It would be great if more active voice could be incorporated.
[bookmark: _Toc334198726]“The term ‘landslide’ describes a wide variety of processes that result in the downward and outward movement of slope-forming materials including rock, soil, artificial fill, or a combination of these. The materials may move by falling, toppling, sliding, spreading, or flowing” (Highland 2004). The East African countries of Rwanda and Uganda have an unfortunate history of disastrous landslides due to a combination of intense rainfall events, topography, and populations living on or near steep slopes. For example, on March 1, 2010, a landslide struck the Bududa region of Eastern Uganda, killing over 350 people and leaving more than 5000 others homeless (Zawedde 2010). Currently, both national governments have disaster preparedness policies and programs in place for such events, but these efforts are limited in scope and are more focused on disaster response than prevention or early warning. These countries lack the spatial and temporal information required to accurately and effectively identify hazardous areas and properly warn at-risk populations. Instead, mitigation efforts have involved merely moving populations away from areas known to have incurred landslides in the past (Nsengiyumva 2012).	Comment by clr: Interesting, but unnecessary?

The objective of this project was to supply the national governments and related organizations of Uganda and Rwanda with decision support information that will enable them to more effectively identify hazardous locations and warn at-risk populations. This objective was split into three sub -goals which included updating the Global Landslide Catalog (described below), creating a landslide hazard potential map, and performing a preliminary assessment on the ability of three different rainfall detecting satellites to predict landslides. These project objectives fall underaddress the dDisasters section of NASA’s Applied Science application areas.   

The first goal was to update the The Global Landslide Catalog (GLC), is an online database created in 2007 at NASA Goddard Space Flight Center (GSFC) to document global rainfall- triggered landslide events. The GLC compiles information through a combination of newspaper reports, published articles, disaster databases, Google alerts, blog entries, and personal witness accounts. Each entry can be identified as a point on a map with specific information including date, time, location accuracy, landslide size, landslide type, and fatalities (Kirschbaum et al. 2015). Updates to this catalog will allow SERVIR to more effectively support landslide monitoring efforts.

The second goal focused on creating a landslide hazard potential map that incorporated a number of known landslide risk factors to visually display areas where landslides are most likely to occur. This was accomplished through a heuristic approach, where a review of the literature helped to determine which risk factors to consider, as well asand which thresholds of each factor were likely to cause a landslide. The resulting map gave end users concrete locations to apply appropriate policies and mitigation efforts rather than reliance on anecdotal evidence or spotty field studies.	Comment by clr: See note below.

The final goal was a preliminary assessment of satellite rainfall performance in identifying landslide conditions. Measurements from both the Tropical Rainfall Measuring Mission (TRMM) and Global Precipitation Mission (GPM) were compared with ground- based measurements from the Climate Hazards Group InfraRed Precipitation and with Station Data (CHIRPS) to assess their accuracies in monitoring rainfall events that were known to trigger landslides.

The study area for this project encompassed the countries of Rwanda and Uganda, found in East Africa. Due to their topography, landslides can occur almost anywhere within their borders, although some sites see a much higher incidence. The Mt. Elgon region of Eastern Uganda is one such example. This study used historical landslide records and precipitation data spanning from 1998 until present day.

SERVIR - the Regional Visualization and Monitoring System – is a joint effort between NASA and the United States Agency for International Development (USAID) utilizing Earth observations and predictive models derived thereof to aid decision makers. SERVIR has partnered with the Regional Center for Mapping of Resources for Development (RCMRD) in Nairobi, Kenya to create a SERVIR hub in Africa. RCMRD services 18 member countries including Uganda and Rwanda and oversees a variety of projects that improve environmental management and resilience to climate change. Currently, information on landslides from remotely- sensed platforms is limited in Uganda and Rwanda. While there is a general knowledge of where landslide- prone areas are located in both countries, more precise mapping and a deeper more thorough investigation of landslide characteristics in the region will help disaster management officials with preventative practices regarding rainfall- triggered landslides. 	Comment by clr: Do you mean remote sensing platforms?
III. Methodology	Comment by clr: Too much passive leading to odd sentence constructs. Include active voice: the team did this, the study showed that...
[bookmark: _Toc334198730]Landslide Event Data Identification
The first objective of this study was to update the GLC. This served a dual purpose as it helped improve the catalog as well as helped determine where landslides are historically common in both Uganda and Rwanda. GLC entries in Uganda and Rwanda were examined individually to check for location accuracy. Entries with a location accuracy of 5 km or less were considered for the hazard study and recorded on a spreadsheet.   	Comment by clr: Please clarify. How were locations “checked for accuracy?” Why did you include those with location accuracies of <= 5km?

Google Earth’s time slide viewer was used to visually identify additional landslide points in Uganda and Rwanda. Landslide coordinates points were collected and recorded as KML files. The available date of imagery before each landslide was visible, as well as the date of imagery after each landslide became visible, was recorded. Due to inconsistencies in available imagery over Uganda and Rwanda, the time interval  between before and after dates imagery ranged from 2 days to nearly 12 years in duration. A subset of landslide points with a date range of 1 year or less were chosen for the hazard study in order to keep fluctuating precipitation and soil moisture variables relevant in the hazard analysis. These points were also added to the GLC.  
	Comment by clr: Do you mean occurrences?	Comment by clr: Consider rewording as this does not read well. Keep it simple, like, “The dates of before and after imagery for each landslide were recorded.”  Also, there is a lot of uncertainty in the way GE images are dated. The dates that appear in the GE interface are not always accurate. Did you have a way of checking the dates of the landslides?
Create Landslide Potential Hazard Map Creation	Comment by clr: “hazard” implies a potential, so consider deleting this word.
Once additional landslide points were identified, the focus of the study shifted to the landslide hazard potential map. Since a heuristic approach was used, a predetermined list of factors was taken into consideration for analysis. Factors considered in this study were: elevation, slope, aspect, plan curvature, distance from roads, road density, distance from streams, stream density, stream order, watersheds, population density, Integrated Moisture Index (IMI), Topographic Wetness Index (TWI), and slope length factor. Each of these factors is described below.

Once all variables and thresholds were identified, a fuzzy logic overlay was used to combine all of the variables to display at risk areas. The layer of historical landslide locations identified in the GLC and Google Earth was compared to the hazard map to test the relative success of the methodology.       	Comment by clr: Consider moving this to the end of the section where you describe all of the variables. 

The 30-meter resolution elevation datainformation for Uganda and Rwanda were retrieved from Shuttle Radar Topography Mission 2 (SRTM2) data. Individual tiles spanning the study area were downloaded, reprojected from GCS WGS 1984 coordinate system to WGS 1984 Web Mercator Auxiliary Sphere, and then mosaicked together. The mosaicked layer was then clipped to the combined country boundary of Uganda and Rwanda using the “Clip” tool in ArcMap. The elevation data had a spatial resolution of 30 meters and values ranging from 440 meters to 4,501 meters.      

The A slope profile for Uganda and Rwanda was derived from the SRTM2 elevation data and processed using the ArcGIS spatial analyst tool “Slope.” Resulting pixels had a 30 meter resolution with pixel values ranging from 0 degrees to 81.5 degrees slope.  The elevation data was also used to derive aspect, which shows the direction of slope on a 360 degree scale. The “Aspect” tool was used resulting in a 30 meter resolution raster with values ranging from -1 degrees to 360 degrees. 	Comment by clr: No need for quotations when giving tool names.

The hydrography of the study area was also derived using the SRTM2 elevation data. ArcMap was used to fill all sinks in the DEM and then used to derive flow direction and flow accumulation. Next, ArcMap was used to delineate streams, assign stream order, and identify watersheds. Distance to stream was calculated using the “Euclidian Distance” tool and drainage density was calculated using the “Focal Statistics” tool in ArcMap. The sum of waterways within a 50 cell radius (235km2 area) of each point was mapped.	Comment by clr: Using what tools?

Slope length (LS) factor is a combination of slope length and slope angle that is frequently used in erosion studies. It is calculated with the following equations:	Comment by clr: Is this supposed to be L*S? It is confusing because you define L and S separately below.

                                                         L=(m+1)(A/22.1)m	Comment by clr: Please use the equation tool (as shown in the tech paper video).

Where, 
L is the slope length factor at some point on the landscape, 
λ_A is the area of upland flow, 
m is an adjustable value depending on the soil’s susceptibility to erosion,
and 22.1 is the unit plot length.	Comment by clr: Not sure what this is.
                                         
                                                      S=(sin(0.01745xdeg)/0.09)n	Comment by clr: Use equation tool.
Where,
θ is the slope in degrees, 	Comment by clr: There is no theta in the equation.
0.09 is the slope gradient constant, and 
n is an adjustable value depending on the soil’s susceptibility to erosion.

These equations were combined and input into “Raster Calculator” in ArcMap. Values for m and n were taken from published literature to give good results in high spatial variability (Oliveira et al. 2013). The final equation as entered in to “Raster Calculator” was:	Comment by clr: What does this mean?

Power(“flow accumulation raster”*[cell resolution in meters]/22.1,0.4)*Power(Sin(“slope raster in degrees”*0.01745))/0.09, 1.4)*1.4
	Comment by clr: Use equation tool.
Curvature topography for Rwanda and Uganda was created using the SRTM2 DEMs and the ArcMap “Curvature” tool. Both plan and profile curvatures were generated and were then clipped to the study area. Positive plan curvature values indicated divergence of flow while negative values indicated convergence. Positive profile curvature values indicated convex profiles while negative values indicated concave profiles.

A raster image depicting distance from roads was created using a roads shapefile obtained from SEDAC Global Roads Open Access Dataset and the “Euclidean Distance” tool. The raster was then clipped to the study area. 	Comment by clr: Make sure to include this source in the Reference section. 

IMI is a measure of relative soil moisture first described in Iverson et al.  1997. A revised formula was used due to differences in soil data. First, hillshade, curvature, and flow accumulation were derived in ArcMap. These were then standardized on a 0-1 scale using Rraster Ccalculator. Soils data were obtained from the International Soil Reference and Information Centre website. Soil drainage class and soil depth to bedrock data were obtained in 250 m resolution. Soil depth was divided by soil drainage class and then standardized on a 0-1 scale to give water holding capacity. IMI was then derived using the following equation in raster calculator:	Comment by clr: What does this mean?	Comment by clr: Make sure to include this source in the References. 

(“hillshade raster”*.4)+(“flow accumulation raster”* .3)+(“curvature raster”*.1)+(“water holding capacity raster”*.2)	Comment by clr: Use equation tool.

The surface area ratio shows how rugged the terrain is. This helped identify landscape patterns that corresponded with soil characteristics, vegetation, or rock type. First, a minimum elevation raster, a maximum elevation raster, and a smoothed DEM were calculated by using the “Focal Statistics” tool in ArcMap. Then, the surface area ratio was calculated by usingwith the following equation in raster calculator:	Comment by clr: helped whom?	Comment by clr: who used it?

(“10x10” - “minDEM”) / (“maxDEM” - “minDEM”)
	Comment by clr: Use the equation tool.
Where, 
10x10 refers to the is the smootheding factor for the elevation raster, 
minDEM is the minimum elevation raster, and
maxDEM is the maximum elevation raster

The Topographic Wetness Index (TWI) is a steady-state wetness index showing how wet an area may be based on the topography. This was calculated by using a DEM over the study area. First, flow direction, flow accumulation, and slope were derived in ArcMap. Next, TWI was calculated by usingfrom the following equation in raster calculator:

Ln((“FlowAcc” * 900) / Tan(“Slope”))	Comment by clr: Use the equation tool.

Where, 
FlowAcc is the flow accumulation...
IV. Results & Discussion
[bookmark: _Toc334198735]Analysis of results
TBD
Errors and Uncertainties
Due to volcanic activity and recurrent brush fires in the East African rift there was a considerable amount of smoke in the Landsat data. There was also difficulty with cloud cover. In addition, small villages named in news articles were frequently not documented on any accessible maps.
Future Work
This project used a heuristic method to examine the factors associated with landslides in Uganda and Rwanda. This problem could be approached from other directions. Project partner, Eric Anderson is working on using a statistical method utilizing logistic regression. It could also be approached with a logical method using Multiple Factor Method (MuF). MuF is based on logical operation that incorporates the additive influence of the higher susceptibility level of the instability factors (Bathrellos et al. 2009). Another term might also address the rainfall intensity-duration threshold for East Africa.
Other areas of interest for future studies should include Malawi. Project partner Dennis Macharia expressed a need for study in Malawi as it is an emerging landslide hotspot. Kenya and Tanzania would also be useful areas for further study due to the number of landslide events that occur in these countries.
V. Conclusions
TBD
[bookmark: _Toc334198736][bookmark: _Toc334198737]
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IV. Appendix Aces:	Comment by clr: Add appendices as needed.
Appendix A: Maps of Individual Landslide Variables
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Figure 1: Slope over Rwanda and Uganda
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Figure 2: Aspect over Rwanda and Uganda
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Figure 3: Plan Curvature over Rwanda and Uganda
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Figure 4: Elevation over Rwanda and Uganda

[image: C:\Users\baggetts\Downloads\SAR.jpg]
 Figure 5: Soil Area Ratio over Rwanda and Uganda
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Figure 6: Population Density of Rwanda and Uganda
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