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Statement of Work 
 

Summary 
The major focus of the project activities for year one were focused on development of methodologies 
and required datasets for objective 1 of the project - characterization of environmental conditions using 
satellite remote sensing.  During year 1 we have developed several experimental algorithms for mapping 
land cover and characterizing fractional water cover at very high and moderate resolutions as well as 
prototyped algorithms for downscaling coarse resolution datasets to moderate resolution (30 m).  The 
second major push of activities was focused on objective 2 of this project - mapping human mobility 
patterns on the landscape at local and regional scales.  The efforts within this objective focused on 
obtaining access to de-identified travel history surveys collected by Co-Is Nyunt and Plowe in their 
previous research.  A considerable challenge in accessing these data arose when both Drs. Plowe and 
Nyunt transferred their research to Duke Global Health Institute at Duke University.  The transfer 
necessitated closure of projects at the School of Medicine at the University of Maryland (Baltimore) and 
re-initializing those projects at the Duke Global Health Institute.  We are still currently in the process of 
transferring grants and gaining access to the databases where the results of previous studies are 
contained.  Finally, in preparation for tasks under objective 4 - verification and analysis of the study 
findings in focus groups and interviews with health practitioners and researchers in Myanmar – we have 
developed the questionnaire that will be used for the focus group interviews and have successfully 
obtained the IRB approval to conduct the research in Yangon, Myanmar using these protocols. 

 
Objective 1: Characterization of environmental conditions using satellite remote 
sensing.  
This objective is focused on the development of high-to-moderate resolution datasets from a data-
fusion of coarse, moderate, and very high-resolution optical and microwave satellite data.  The major 
challenge of the proposed study is to adapt the suite of measurements from global satellite observing 
systems with high temporal frequencies of observations to provide information about environmental 
conditions at finer scales than the native resolution of most instruments.  Based on the visual 
assessment of land use patterns in very high-resolution imagery available via Google Earth, the remote 
mountainous villages of Ann Township in Rakhine State are small (~0.5 X 0.1 km) and are surrounded by 
small-scale (15 X 25 m) agricultural fields, natural forests, patches of logged forest, and forest 
plantations.  The scale of observable land use patterns associated with human activities suggests that 
land use and land cover at scales relevant to our analysis can be mapped reliably only from very high-
resolution imagery.  However, the low repeat frequency of observations will not allow for the 
monitoring of changes in environmental conditions associated with vector abundance at these 
resolutions.  Therefore, we will create a scaled multi-sensor observation system that will support 
monitoring the landscape conditions at the high-to-moderate scale.   

 
Development of the baseline assessment of land cover and land use from very 
high-resolution imagery within Ann Township of Rakhine State  
Within this task we are developing several datasets from very high and moderate resolution satellite 
imagery to improve the available representations of critical land cover classes for the purposes of this 
study.  Under this task, we will use all available NGA-NASA commercial very high-resolution imagery, 
provided through the support center at the Goddard Space Flight Center (GSFC), to create the base land 
cover and land use map.   Although Ann Township is very large, the population is primarily concentrated 
within its southwestern quarter (~ 30 X 70 km).  We will focus map development only in this area and 
will use the best available combination of very high-resolution imagery (considering cloud cover, spatial 
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resolution, spectral resolution, seasonality and time of acquisition, solar and sensor viewing geometries, 
and inter-sensor compatibility).  Analysis of holdings in the Digital Globe archives indicates that cloud-
free and near-cloud-free imagery from as many as 6 different sensors acquired between 2011 and 2016 
is available for the selected study region.  Ideally, we will use observations from a single sensor (e.g. 
WorldView2) to cover the entire study area.  However, we will explore the use of multi-temporal multi-
sensor very high-resolution imagery (collected by various sensors within the study area every month 
between October and April) to capture phenological cycles in order to increase the separability of 
various land cover classes.    In year 1 we have completed much of the background work to complete 
this task.  Specifically we have: 

1. Developed a gridding system using UTM projection and ½ ˚ tile size. 
2. Acquired all available very high resolution (VHR) data from the NGA archive. 
3. Acquired Shuttle Radar Topography Mission (SRTM) and Aster DEMs for use in 

orthorectification of VHR data. 
a. After testing determined that SRTM produces superior results in ortho-

rectification of VHR data. 
4. Acquired all available Landsat 8 reflectance and thermal data covering Rakhine state. 

a. Processed through random forest analysis to generate fractional surface water 
extent for each year (Figure 1). 

Figure 1.  Water bodies extent in the publicly available UN OCHA dataset (left) and our fractional water cover 

algorithm (right). 
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b. Currently evaluating results for accuracy and using slope and tree cover to 
create masks to resolve false positives associated with terrain and dense forest. 

5. Acquired vegetation continuous field tree cover layers from University of Maryland. 
a. Created a multi-year average tree cover extent using all available inputs. 
b. Created a probable forest change layer by performing time series analysis 

looking at consistent tree cover values over time. 
6. Developed and tested random forest analysis and image segmentation to identify water, 

crop, and human settlement from VHR data. 
a. Initial testing performed on a single scene over Ann. 
b. Results are promising but more evaluation needs to be completed. 

   

Downscaling coarse-resolution satellite observations of surface T and humidity.   
Under this task (task 3 of the proposed project) MODIS 8-day land surface temperature 
(MOD/MYD11A2) and daily precipitable water (MOD/MYD05L2) 1km datasets collected between April 
2014 and March 2018 will be downscaled to produce moderate resolution (30 m) estimates of 8-day 
temperature and humidity conditions in the study area (Figure 2).  Mean elevation within gridded 
(MOD/MYD11A2) and swath (MOD/MYD05L2) grid cells will be computed from SRTM DEM data.  Grid 
cell-based estimates for precipitable water from the MOD/MYD05L2 product will be converted to mixing 
ratio estimates.  Both temperature and mixing ratio estimates will be subsequently brought to sea level 

using the environmental lapse rate (following broadly the methodology used in the Canadian Wildland 
Fire Information System 2008).  At sea level, both variables will be regridded to 30 m and interpolated 
across remaining gaps, due to the lack of available observations, using an Inverse Distance Weighting 

Figure 2.  Example of downscaling and gap filling for a daily MODIS LST product within Ann Township of 

Rakhine State, Myanmar.  The large blue pixels in the original 1 km dataset (left) represent missing data, 

which are gap- filled and normalized during the downscaling process (right). 
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algorithm.  The gap-filled estimates are subsequently adjusted for elevation using the SRTM DEM (30 m) 
to produce rescaled moderate-resolution assessments.  During year 1 we have compiled the archive of 
MODIS datasets and have developed the custom code to downscale the 1 km MODIS daily datasets to 
30 m (Figure 2).  We are currently processing the full archive of 1 km daily observations between 2014 
and 2018. 
 

Objective 2: Mapping human mobility patterns on the landscape at local and 
regional scales  
We will use a geospatial information science approach to understand the degree to which geographic 
patterns of mobility may vary for different population groups and how these variations contribute to 
malaria prevalence rates. We expect that at both regional (township-to-township and state-to-state) 
and local (village-to-village and village-to-township) scales, the movements of individuals may be 
bringing populations into contact with environmental factors and land use activities that pose more risk 
with respect to malaria prevalence. Objective 2 will investigate regional movement patterns based on 
transportation networks that link larger population centers, and involve public transportation including 
trains, buses, and air travel as well as road transportation, and local movement patterns where the daily 
activity patterns of individuals drive their travel paths. Understanding population movement patterns 
will reveal the spatially varying dynamics of population vulnerability to infection as well as provide 
insight on how infections may be acquired, either locally, imported by migrant groups, or exported from 
Rakhine State to locations beyond this state. 
 
During year 1 we have completed a reconnaissance field visit of two remote rural sites with a high 
prevalence of malaria in Ann Township of Rakhine State.  During these site visits we have uncovered 
previously unknown patterns of local occupation of members of the Chin ethnic group. These people 
constitute a substantial fraction of the remote rural population in Ann Township within areas of high 
Plasmodium parasitemia and subsequently, high incidence of malaria.  The resultant improved 
understanding of local-scale migration patterns will substantially improve our interpretation of mobility 
schemes and patterns at the local scale.  Additionally, an opportunistic traffic sampling along major 
transportation routes in Ann and neighboring regions was undertaken to provide a first-level 
characterization of traffic loads and transportation to aid in the design of the regional-scale traffic 
pattern analyses.  
 

Other activities  
A PhD research project associated with this grant has been developed to explore the opportunity to use 
satellite observations at moderate and high resolution to quantify and model human vulnerability to 
malaria in Ann Township of Rakhine state.  Unlike other project objectives, this component is aimed at 
developing satellite-based datasets that will characterize population presence, densities and 
occupational types that determine the potential for exposure to malaria and highlight hotspots for 
targeted elimination.   

 

Project publications and presentations: 
 

Publications: 
 
None are currently actively in preparation.  
 

Presentations: 
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Loboda T.V. (2018).  Modeling malaria hotspots using satellite images.  An invited presentation at the 
Department of Medical Research (Yangon, Myanmar) January 2018 and at the Defense Services Medical 
Research Center (Nai Piy Taw, Myanmar) January 2018. 

Work schedule for February 2018 – April 2019: 
 
The 2018 - 2019 project activities will be aligned with the overall project timeline and will focus on the 
following areas: 
 

 February - September 2018: Complete very high resolution base map development. 

 February – May 2018: complete downscaling of coarse resolution meteorological parameters 

 February 2018 – June 2019:  
o development of multi-stream data algorithms for characterization of environmental 

conditions at moderate resolution 
o mapping travel networks 
o modeling activity pathways 

 October 2018: initiate the analysis of environmental conditions and parasitemia  
October – December 2018: development of the first peer-reviewed publication likely to be 
linked to a presentation at the Fall meeting of the American Geophysical Union 2018.  

 January 2019: verification of activity paths in focus group interviews (Yangon, Myanmar) 
 


