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Population, Environment, and Climate in the Albertine Rift
1. Introduction
Food security across Sub-Saharan Africa (SSA) is intimately tied to year-to-year variations and decadeslong trends in rainfall. Tens of millions of rural households in SSA practice rain-fed agriculture, primarily
to grow staple crops like maize; therefore, their livelihoods depend on the timing, duration, and intensity
of the rainy seasons (Rosegrant et al. 2002; Cooper et al. 2008). However, the rainy seasons are highly
variable from year to year, and weak rains often precondition hunger crises, such as recent famines in the
Sahel (2010), the Horn of Africa (2011), and Eastern/Southern Africa (2016). For these reasons, climateinduced food insecurity is considered a “threat multiplier” by the U.S. Department of Defense (U.S.
Department of Defense 2015) and a risk to U.S. national security interests due to poverty’s role in
creating a “permissive environment” for political instability and extremism (Brookings Institution 2013).
In East Africa, one of the key entry points to regional stability is the nation of Uganda. Bordered by the
Democratic Republic of the Congo to the west and South Sudan to the north, Uganda’s relative stability is
threatened by ongoing conflict spilling across these borders. Northwestern Uganda also has a complex
climate regime marked by large year-to-year variability, contributing to chronic food insecurity (Shively
& Hao 2012).
To cope with rainfall variability, farmers in SSA plan and manage their farms using local knowledge,
government-issued scientific seasonal forecasts, or both. Over the past several decades, farmers across
equatorial Africa have faced rising temperatures (Hartmann et al. 2013) and decreasing rainfall (Malhi &
Wright 2004; Funk et al. 2008; Farnsworth et al. 2011; Williams & Funk 2011; Lyon & DeWitt 2012;
Jury & Funk 2013; Diem et al. 2014a; Asefi-Najafabady & Saatchi 2016). These climate changes,
especially the drying trend, may be weakening farmers’ reliance on local knowledge, while increasing
their trust in and use of scientific forecasts (Roncoli et al. 2002). Unfortunately, scientific forecasts, which
rely on sea-surface and atmospheric variables, vary considerably in accuracy across SSA and between
seasons in East Africa, with forecasts being much more skillful for the “short rains” in East Africa
compared to the “long rains” (Washington et al. 2006). These forecasts are hindered by a lack of
consensus on the large-scale climatic drivers of the region’s extreme rainfall variability (e.g., Segele
2009; Nicholson 2014).
In East Africa, where as much as 88% of the population lives in rural farming areas (World Bank
2016), a complex rainfall regime is driven by multiple sources of moisture (Fig. 1). Most studies of East
African rainfall have focused on its easterly, Indian Ocean source (e.g., Goddard and Graham 1999; Funk
et al. 2008). However, westerly moisture fluxes from the Congo Basin also exert an important
influence on East African rainfall. A severe shortage of data from the continental interior has limited
explicit study of the transport of Congo moisture into East Africa. However, westerly moisture fluxes are
features of some seasonal forecasts (Tanzania Meteorological Agency 2016) and predictors of rainfall
anomalies (Camberlin & Wairoto 1997; Nicholson 2014). Ugandan farmers report that westerly winds
typically precede the onset of rainy seasons (Okonya & Kroschel 2013). Interannually, wetter seasons in
East Africa are linked to increased moisture flux from the Congo Basin (e.g., Camberlin et al. 2001; Pohl
& Camberlin 2006a,b; Williams et al. 2012). Decreased moisture transport from the Congo Basin has
been postulated as a cause of decreased rainfall in East Africa over the past several decades, possibly due
to rising global air temperatures (Funk et al. 2008; Williams & Funk 2011; Makarieva et al. 2013). As the
Congo rainforest has become drier, photosynthetic capacity and moisture content have declined,
consistent with decreasing rainfall in the region (Zhou et al. 2014). Despite its importance, the influence
of Congo moisture on East African rainfall variability and agricultural decision-making remains
largely unconstrained.
The purpose of the proposed research is to determine the importance of Congo moisture for the
Uganda Rift (westernmost East Africa), with respect to rainfall timing and totals, through the study of
Congo-derived weather and local knowledge systems. While the Uganda Rift (i.e., the northern portion of
the Albertine Rift; Fig. 1) is geographically located in East Africa, it is climatologically a transition zone
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between central equatorial Africa (CEA) and eastern equatorial Africa (EEA) (Monaghan et al. 2012).
Consequently, the Uganda Rift is one of the “first stops” in East Africa for Congo moisture, making it an
ideal location to capture westerly moisture and to elucidate its influence on local knowledge-building by
farmers before it rains out farther eastward. In the proposed research, rainfall, atmospheric circulation,
land-cover, and interview data will be analyzed along with farmer weather observations and stable
isotopic compositions of rainwater to better understand the role of Congo moisture in local rainfall
variability. Outcomes from the proposed physical- and social-sciences activities will be integrated in
order to maximize their mutual benefits, primarily by: (1) assessing the usefulness of local knowledge and
scientific forecasts to farmers; and (2) comparing farmers’ perceptions of changes in atmospheric
conditions to measured variability and change in rainfall and winds. This integration of the two sciences
will enable a deeper understanding of both rainfall dynamics and farmer knowledge systems in the
Uganda Rift as well as climate variability and agricultural decision-making globally.
1.1 Rainfall across equatorial Africa
The Intertropical Convergence Zone (ITCZ) and Congo Air Boundary (CAB) are the two major
convergence zones in EEA that determine the location of rainfall in the region (Fig. 1). The ITCZ
traverses the region twice per year, resulting in a north-south movement of the main rainbelt (Nicholson
1996). The CAB is a confluence of Indian Ocean air (i.e., easterlies) with unstable air from the Congo
Basin (i.e., westerlies) (Nicholson 1996; Nicholson 2000; Nganga & Samba 2011). The position of these
convergence zones helps determine which moisture ultimately falls as rainfall in EEA. Three sources are
distinct in terms of their provenance as well as their transport and recycling history. Moisture borne by
westerlies is sourced from the Atlantic Ocean, but is progressively recycled by transpiring Congo
rainforests as these air masses move eastward into EEA (Levin et al. 2009; Costa et al. 2014). In contrast,
most EEA moisture borne by easterlies is sourced more directly from the Indian Ocean (Soderberg et al.
2013). Some additional moisture borne by easterlies is derived from local sources such as lake surfaces.

Figure 1. Approximate locations of the Intertropical Convergence Zone (ITCZ) and Congo Air Boundary (CAB) during January,
April, August, and November along with the locations of the Congo Rainforest, the Uganda portion of the Albertine Rift, and the
countries that are typically included in East Africa rainfall studies. The positions of the ITCZ (solid lines) and CAB (dashed
lines) were adapted from Tierney et al. (2011). Forest cover is from the MODIS 500-m land cover data set.

In contrast to EEA, the ITCZ and CAB remain north and east, respectively, of most of CEA throughout
the year; therefore, the controls of rainfall in CEA have been considered to be more complex than those
for EEA (Nicholson & Dezfuli 2013). CEA rainfall is dominated by mesoscale convective complexes
(MCCs): these large and intense storms produce more than 70% of the rainfall in the region, thereby
illustrating a smaller contribution from small-scale, localized convection (Nesbitt et al. 2006; Jackson et
al. 2009). In comparison, MCCs in EEA typically only occur over Lake Victoria (Jackson et al. 2009).
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The Atlantic Ocean and evapotranspiration from rainforests are the largest sources of moisture in the
Congo Basin (Pokam et al. 2012; Spracklen et al. 2012). Low-level equatorial westerlies, which transport
the moisture towards the interior of the continent, are most developed in July-September (Nicholson &
Grist 2003), although they can occur throughout the year.
Congo moisture has been suggested to enhance rainfall across a wide swath of EEA, with the highest
influence in the west. Studies based on composites of wet days and wet seasons in western Kenya,
southwestern Ethiopia, and Uganda reveal the influence of westerly wind anomalies and moisture
advection from the Congo Basin (Camberlin 1997; Camberlin & Wairoto 1997; Camberlin et al. 2001;
Camberlin & Philippon 2002; Pohl & Camberlin 2006a,b; Williams et al. 2012). The influence of Congo
moisture diminishes farther east of the CAB: Congo air masses are less important in central Kenya
(Spracklen et al. 2012; Soderberg et al. 2013), of debated importance in northern Ethiopia (Costa et al.
2014; Viste & Sorteberg 2013), and not detected along the Indian Ocean coast (Nicholson 1996;
Hastenrath et al. 2011) likely due to topographic blocking (Hills 1979).
1.2 Seasonal forecasts and farmer decision-making
Scientific forecasts of the onset of rains and seasonal rainfall totals are provided by governments to aid in
farmer decision-making and ultimately to improve food security (Barrett 2002; Lybbert et al. 2007).
Therefore, the forecasts are produced several months to a year in advance of the season of interest and are
based primarily on sea-surface temperatures (SSTs) in the Atlantic, Indian, and Pacific Oceans
(Washington et al. 2004). Indices of the El Niño Southern Oscillation (ENSO) are among the main
variables used to develop forecasts; thus, there has been much more success in predicting boreal-autumn
rainfall in EEA, when correlations with ENSO are high, compared to boreal-spring rainfall, when
correlations are lower (Washington et al. 2006; Hansen et al. 2011). However, the potential predictability
of seasonal rainfall in CEA is much lower than for other low-latitude areas across the globe (Paeth et al.
2006). Preliminary work does show that Atlantic Ocean SSTs might be useful in predicting CEA rainfall
in the latter half of the year (Mason 2008). Because CEA weather influences EEA rainfall, improvements
could also assist forecasts in East Africa. Forecasts for East Africa are produced at the regional scale via
the Greater Horn of Africa Climate Outlook Forum, and national meteorological authorities downscale
the forecasts and tailor them to make regional and sub-regional forests (Hansen et al. 2011). These
forecasts are then distributed to the general public, primarily through radio broadcasts (Oyekale 2015).
Local knowledge of the temporal and spatial variability of rainfall is essential for farm management
and food security (Haile 2005), especially in EEA where meteorological data are sparse and local
downscaling forecasts are difficult. Farmers make decisions related to rainfall based on systems of
knowledge, which we define here as forms of information and beliefs, along with the actors and networks
transmitting information. Acknowledging the presence of numerous other terms to describe these systems
and components therein (e.g., indigenous knowledge, traditional ecological knowledge, folk knowledge;
Ellen & Harris 2000; Antweiler 2004), we use the term “knowledge system” as a flexible way to account
for information and information flows that result in livelihood decisions. Knowledge systems include
place-based environmental knowledge, which is interwoven with local and regional processes of social,
ecological, and historical change (Roncoli et al. 2002). Knowledge systems are shared, for example,
among members of a community, with individuals differentially accessing, evaluating, and utilizing
various components of the system (historical trends, local weather and environmental signs, nonlocal
weather news; Orlove et al. 2010). Effective management of this knowledge system is critical for farmers’
food security – the vast majority of households across CEA and EEA rely on rain-fed agriculture
employing few mechanical and chemical inputs (Sanchez et al. 1997; Tittonell 2014), and so farmers’ key
management decisions involve crop-type selection and planting time (Kassie et al. 2013). For example,
farmers may predict the onset of the rainy season using local indicators such as the arrival of migratory
birds and dark clouds, combined with news about the progress of rainy seasons elsewhere in the region
(Roncoli et al. 2002; Orlove et al. 2010). Forms of local knowledge are both vertically (from older to
younger generations) and horizontally (among peers) transmitted (Mahoo et al. 2015). Moreover,
information from government outreach, extension agents, and scientific forecasts are incorporated into
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knowledge systems along with other information sources (Orlove et al. 2010; Mahoo et al. 2015). Finally,
an important component of the knowledge system, perceptions of changes in environmental conditions,
drives farmers’ coping and adaptation strategies to environmental change (Thomas et al. 2007).
Knowledge systems are dynamic and vary in use. Increasing climate variability and the
aforementioned drying trends, on the one hand, may be making local knowledge less reliable (Roncoli et
al. 2002; Kassie et al. 2013; Jiri et al. 2015) while making scientific forecasting more useful (Roncoli et
al. 2002). On the other hand, there is evidence that farmers still consider local knowledge to be more
reliable than scientific forecasts, particularly when the forecasts are unfamiliar and/or have been
historically less accurate and precise (Mahoo et al. 2015). Also, the utility of forecast information can be
hindered by poor timing and delivery in inappropriate languages (Kirui et al. 2014), and advanced age is
typically associated with lower reliance on forecasts (Cherotich et al. 2012).
2. Research focus
The Uganda Rift is one of the first stops in EEA for Congo moisture, making it an ideal place to examine
its influence on rainfall, local knowledge systems, and seasonal forecasts (Fig. 1). The CAB is located
over the Uganda Rift for much of the year (Fig. 1), but the eastward penetration of Indian Ocean moisture
and westward penetration of Atlantic/Congo moisture is dynamic. Nevertheless, the Uganda Rift likely
receives more westerly incursions than the rest of EEA, as evidenced by the stable isotopic composition
(i.e., δ 18O and δ D) of river water sampled within the Uganda Rift (Russell & Johnson 2006).
Rainfall variability in the Uganda Rift is not well understood. Most research pertaining to the Uganda
Rift comes primarily from studies that have included this region within a larger East African region, such
as Kenya and Uganda (Ropelewski & Halpert 1987; Camberlin & Philippon 2002; Otieno & Anyah 2013)
and the Greater Horn of Africa (Schreck & Semazzi 2004; Williams et al. 2012; Nicholson 2016). Some
understanding about Uganda Rift rainfall can be gleaned from CEA rainfall studies (e.g., Todd &
Washington 2004; Balas et al. 2007; Nicholson & Dezfuli 2013; Dezfuli & Nicholson 2013), which
almost always have 30°E as the easternmost extent (Fig. 1). But much less research has been done in
CEA compared to EEA (Farnsworth et al. 2011; Nicholson & Dezfuli 2013; Washington et al. 2013). A
major reason for the lack of research in the area is the paucity of long-term rain gauges with reliable data:
there is a substantial gap in rainfall records from 1979 to 1992 due to political and social instability in
Uganda in the 1970s and into the 1980s (Kizza et al. 2009; Christy 2013). Similar large gaps in coverage
also have occurred throughout CEA, especially the Democratic Republic of Congo (DRC) (Washington et
al. 2013). Local knowledge can help fill in some important gaps in our understanding of rainfall –
providing perceptions of variability and change, and observations of weather conditions associated with
rain events, the onset and cessation of the rainy season, and signals to farmers for planting and harvesting
cycles – yet there is a lack of integrative studies from the region (Okonya & Kroschel 2013).
There is a strong need for improved understanding of the impact of Congo moisture on rainfall in the
Uganda Rift – and the rest of East Africa – and on decision-making by the millions of smallholder
farmers who depend on rain for food security. The impacts of climate variability and change on
agriculture, food security, and human livelihoods are amplified particularly in the Uganda Rift because it
is so densely settled and has one of the fastest growing rural populations in all of SSA. We address the
need for a deeper understanding of rainfall variability in East Africa by posing one central research
question: How does Congo moisture impact rainfall and farmer decision-making in the Uganda Rift?
Our research question drives four main research objectives (subsections in Section 4 of the proposal):
Obj. 1: Determine climatological relationships between atmospheric and oceanic variables, seasonal
rainfall totals, and westerly winds over the past 30+ years;
Obj. 2: Evaluate the role of Congo moisture in daily to seasonal rainfall through geochemical and
meteorological measurements;
Obj. 3: Identify and analyze the knowledge system (information, actors, transmission networks) used by
farmers in order to determine how climate-related decisions are made; and
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Obj. 4: Assess the congruence of farmers’ observations and perceptions of Congo moisture and associated
rainfall with measured physical data as well as how farmers’ decisions are influenced by
perceived changes in Congo moisture and rainfall.
The objectives are integrated in multiple ways. Findings from Objectives 1 and 2 will determine the role
of Congo moisture along with other drivers of Uganda Rift rainfall, complementing our knowledgesystem analyses in Objective 3, particularly in terms of the accuracy and use of scientific radio forecasts.
In addition, high temporal resolution farmer observations (measured as components of knowledge
systems, Objective 3) will enhance the examination of the role of Congo moisture in storm events
(Objective 2). In Objective 4, data collected in Objectives 1 and 2 will be examined simultaneously
with data from Objective 3 to better understand farmers’ perceptions of changes in rainfall and how those
perceptions shape their short-term and long-term decisions. Outcomes of this integrative approach have
direct relevance for improving understanding of global climate processes, scientific forecasting in the
Uganda Rift and the rest of East Africa, and ultimately improved food security for farming households.
3. Study area
The Uganda Rift is the northeastern portion of the Albertine Rift, which is home to 40 million people and
is one of the world’s biodiversity hotspots (Cordeiro et al. 2007; Plumptre et al. 2007) (Fig. 1). The
Uganda Rift has approximately 23,000 km2
of protected areas, and high population
densities outside those protected areas
(Hartter et al. 2015) (Fig, 2). The vast
majority of households in the Uganda Rift,
which total approximately 6.5 million
people (Stevens et al. 2015), practice rainfed small-scale agriculture; therefore,
planting and harvesting cycles are timed
with the onset and cessation of rainy
season (Hartter et al. 2012). Declining
yields have been noted by farmers in the
region, and two likely causes are a trend of
shortened rainy seasons and declining soil
fertility (Diem et al. 2016). Farmers also
note that rainy seasons tend to start later.
Rainfall in the Uganda Rift occurs mostly
in the two equinoctial seasons (Mar-May
and Sept-Nov), and northern locations
receive approximately three times as much
rainfall in boreal summer compared to
southern locations (Diem et al. 2014b). We
propose three sites for focused study:
communities adjacent to a northern park
(Murchison Falls National Park), a
southern park (Bwindi Impenetrable
National Park), and a central park (Semiliki
National Park). Sites 1 and 3 span the
north/south and west/east rainfall gradients Figure 2. Study sites, protected areas, and weather stations/rain gauges
in the Uganda Rift, while Site 2 is at the
within and near the Uganda Rift. The weather stations and rain gauges
have varying periods of record. Only the Kanyawara station has longedge of the rainforest and thus most
term rainfall data, but it is inconsistent. Proximity of the region to Lake
proximal to CEA.
Victoria and the eastern edge of Congo rainforest is also shown.
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4. Research Plan
Objective 1: Determine climatological relationships between atmospheric and oceanic variables,
seasonal rainfall totals, and westerly winds over the past 30+ years.
Working Hypotheses for Objective 1:
H1a. Wetter (drier) seasons are associated with low-level westerly (easterly) anomalies.
H1b. Anomalies in total seasonal rainfall are significantly correlated with Atlantic SST indices for that
season and the preceding season, but with lags caused by transport and recycling over land.
H1c. A significant decrease exists in the frequency of back-trajectories extending over the Congo
Basin over the past several decades.
Since rainfall varies substantially within the Uganda Rift, with the largest differences between the
northern portion and southern portions (Diem et al. 2014b), and the only previous multi-decadal seasonal
rainfall research in the region is at a coarse resolution (Diem et al. 2014a), the study area will be divided
into rainfall regions for climate analyses. The following satellite-based rainfall data sets that provide
continuous rainfall estimates extending back at least to 1983 will be used in the regionalization procedure:
African Rainfall Climatology Version 2 (ARC2) (Novella & Thiaw 2013), Climate Hazards Group
InfraRed Precipitation with Stations (CHIRPS) (Funk et al. 2014), Precipitation Estimation from
Remotely Sensed Information using Artificial Neural Networks – Climate Data Record (PERSIANNCDR (Ashouri et al. 2015), and TAMSAT African Rainfall Climatology And Timeseries (TARCAT)
(Maidment et al. 2014). ARC2, CHIRPS, and PERSIANN-CDR have daily data at a 0.10°, 0.05°, and
0.25° resolution, respectively, while TARCAT has 10-day rainfall data at a 0.0375° resolution. Validation
of seasonal rainfall totals from all four products will be performed using ground-measured station totals
from 2001-2016 at Gulu, Masindi, Ngogo, Kasese, and Bwindi (Fig. 2). These stations, which are
operated by the Uganda National Meteorological Authority (UNMA), the Ngogo Chimpanzee Project,
and the Institute of Tropical Forest Conservation, have been used before in a previous validation study in
western Uganda (Diem et al. 2014b). ARC2 already has been tested and has been deemed satisfactorily
accurate at the seasonal scale from 2001-2010 (Diem et al. 2014b), while TARCAT has been shown to be
accurate in Ethiopia (Dinku et al. 2007) and Uganda (Maidment et al. 2013). PERSIANN has not
performed well in eastern and southern Africa (Dinku et al. 2008); therefore, there is a strong possibility
the product may not be useful in western Uganda. Data from 2001-2010 have already been obtained, and
2011-2016 data will be acquired so that the data record encompasses 17 years (2001-2016). Only rainfall
products deemed accurate from the validation procedure will be used for the rest of the analyses. The
regionalization schemes will include an eigenvector-based scheme based on maximum loadings (e.g.,
Diem & Brown 2006) and a hierarchical clustering method (Badr et al. 2015). Extended zones for which
the region-specific analyses will apply will be determined based on high temporal correlations between
rainfall at individual grid cells and regional rainfall.
Correlation analyses will be used to assess spatio-temporal relationships between seasonal regionspecific rainfall in the Uganda Rift and various atmospheric and SST variables. This will be performed
separately for each rainfall product. The primary atmospheric data sets are the NCEP–U.S. Department of
Energy (DOE) Atmospheric Model Intercomparison Project phase II (AMIP-II) Reanalysis-2 (R-2;
Kanamitsu et al. 2002) and the ECMWF Reanalysis (ERA-Interim; Dee et al. 2011); the spatial resolution
of R-2 and ERA-Interim are 2.5° and 80 km, respectively. The principal variables at multiple tropospheric
levels are horizontal motion, vertical motion, specific humidity, and geopotential heights. The gridded
SST datasets will include the NOAA Optimum Interpolation Sea Surface Temperature V2 (Reynolds et
al. 2002). Field correlations will be calculated for all the above variables. Lagged correlations will be
performed between season-specific rainfall and key indices of coupled atmospheric-oceanic phenomena
known to exhibit teleconnections with tropical African rainfall, such as ENSO (Niño 1.2 & 3.4, Southern
Oscillation Index), the Indian Ocean Dipole (Dipole Mode and Zonal Wind indices), and the Atlantic
Multidecadal Oscillation.
Proposal version 2.0, February 27, 2018

7

In order to quantify the climatological importance of westerly vs. easterly air masses in the Uganda
Rift over the past several decades, teleconnection indices will be compared with modeled backtrajectories of rain-bearing air masses. The back-trajectories will be calculated using the Hybrid Single
Particle Lagrangian Integrated Trajectory Model (HYSPLIT; Stein et al. 2015) driven by atmospheric
variables from R-2 and ERA-Interim data sets. Ten-day back-trajectories from each of the analyzed
Uganda Rift rainfall stations will be calculated for every rainfall day for 34 years (1983-2016), similar to
analyses performed in Costa et al. (2014) and Konecky et al. (2016). Cluster analysis will be performed
on a seasonal basis and lagged correlations will be computed to relate trajectory clusters to teleconnection
indices and other climatic variables described above. Lagged correlations between rainfall and the
aforementioned variables will be useful in determining potential predictors of seasonal rainfall. Finally,
all trends in variables (due to climate change, land-cover change, or other factors) will be assessed using
Kendall-Tau tests.
Anomaly analyses will be used to examine atmospheric and SST conditions of extreme seasons.
Examinations of individual seasons (i.e., the wettest and driest months) and composites (e.g., Todd &
Washington 2004; Nicholson & Dezfuli 2013) of extreme seasons will be performed. Differences (e.g.,
between wettest and seasons) will be assessed at multiple tropospheric levels for the extended tropical
Africa region. These analyses will be used to determine the large-scale circulation context of rainfall
anomalies and their relationship to the incursion of westerly air masses.
Objective 2: Evaluate the role of Congo moisture in daily to seasonal rainfall through geochemical and
meteorological measurements
Working Hypotheses for Objective 2:
H2a. Wet days are associated with westerly anomalies, whereas dry days are not.
H2b. The onset of the second rainy season is associated with Congo moisture.
H2c. The Congo Basin is a significant moisture source for rainfall during boreal summer and autumn.
Results from Objective 1 will provide a long-term climatic backdrop for the role of westerly vs. easterly
air masses in seasonal to interannual rainfall patterns. Objective 2 will identify moisture sources and
transport characteristics at the daily scale in order to assess the contribution of Congo moisture to
synoptic-scale events, and how characteristics of these synoptic events vary over the course of several
seasons. The two main components of this research objective are (1) using satellite and weather station
data to determine the atmospheric conditions, including wind direction, that characterize rainfall days;
and (2) using the stable isotopic composition of rainwater to determine the provenance of moisture –
Congo, Indian Ocean, and local recycled – borne by those air masses.
Identifying atmospheric conditions on rainfall days via compositing of satellite and weather station data
At least four high-resolution satellite-based rainfall products will be used to identify rainfall days in the
Uganda Rift. The products are ARC2 and CHIRPS, which will be used in the multi-decadal rainfall
analyses, along with the 3B42 product of the Tropical Rainfall Measuring Mission (TRMM), version 7
(3B42v7) (Huffman et al. 2007), and the Climate Prediction Center Morphing Technique (CMORPH)
(Joyce et al. 2004). 3B42v7 and CMORPH have spatial resolutions of 0.25° and 0.07°, respectively.
ARC2 and 3B42V7 have been shown to be accurate at identifying rainfall days (i.e., ≥ 1 mm) in the study
area (Diem et al. 2014b), while CMORPH is accurate in Ethiopia (Dinku et al. 2011). The four rainfall
products will be validated using daily rainfall from 2011-2016 for the five validation stations.
Compositing will be used to examine atmospheric conditions, including the direction of winds that
are likely transporting moisture, on rainfall days during each season as well as season-onset days for
2002-2018 (i.e., 17 years), which is the overlap period for the rainfall products. In addition to the use of
the aforementioned trajectories using the R-2 and ERA-Interim data sets, high-resolution trajectories (i.e.,
0.5°) will be created from 2008-2018 using the Global Data Assimilation System (GDAS) data set using
HYSPLIT. Similar to the proposed methods for the seasonal-rainfall analyses, maps of differences
between rainfall days and dry days will be created at multiple tropospheric levels for the extended tropical
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Africa region for multiple atmospheric variables. Finally, differences in frequencies of the back-trajectory
clusters will be determined for rainfall days vs. dry days. It is expected that rainfall days have higher
frequencies of Congo-basin trajectories than dry days. There also will be an emphasis placed on
examining atmospheric conditions preceding and during the onset of rainy seasons, since smallholder
farmers place much importance on season onset and duration (Roncoli 2006).
Determining moisture provenance using stable isotopes in rainwater and air-parcel back-trajectories
Compositing satellite and weather station data will pinpoint the direction that air masses were moving on
rainfall days, but cannot pinpoint the provenance of the moisture itself, since recycled moisture can be
“picked up” by air masses traveling toward the study site. In this objective, moisture provenance in the
Uganda Rift will be assessed using daily rainfall samples from two main study sites, Bwindi Impenetrable
National Park and Murchison Falls National Park (Fig. 2). A limited sampling campaign will take place in
Year 3 at Semiliki National Park, targeting the season when recycled moisture is maximized, as identified
from the other sites during Years 1-2 and from trajectory analyses. On average, these three sites receive
rainfall on approximately 40% of the days of each year (~146 days). Bwindi and Murchison were selected
in order to maximize the number of westerly Congo storms in the sample set, while still capturing enough
moisture from the Indian Ocean and from local lakes for comparison.
The source of moisture from each storm will be analyzed in two ways: (1) the back-trajectory of air
parcels using the aforementioned HYSPLIT model, which provides information about wind directions on
rainfall days; and (2) the stable oxygen and hydrogen isotopic composition (δ18O and δD, respectively) of
the rainwater itself, which gives information about the provenance of water as well as its recycling and
transport history (Dansgaard 1964; Araguas-Araguas 1998; Vuille et al. 2005a; Vuille et al. 2012; Conroy
et al. 2016). In East Africa, the δ18O and δD of rain events, as well as the δ18O and δD of streams (which
represent time-integrated averages of rain events), have been used to distinguish Congo vs. Indian Ocean
moisture reaching Ethiopia and Kenya (Joseph et al. 1992; Levin et al. 2009; Costa et al. 2014) as well as
the fingerprints of large-scale climate phenomena such as the Indian Ocean Dipole on East African
rainfall (Vuille et al. 2005b; Konecky et al. 2014a). Paleo-δD studies have proved essential for
understanding how climate change has driven past changes in East Africa’s atmospheric circulation
(Konecky et al. 2011), rainfall (Schefuß et al. 2005; Tierney et al. 2008), transport of Congo moisture
(Costa et al. 2014), warming-induced evapotranspiration (Konecky et al. 2014b), and related patterns of
atmospheric-oceanic circulation (Konecky et al. 2014a). However, systematic, multi-year, daily rainfall
collections have never been conducted in the Albertine Rift. Rainwaters collected elsewhere in Uganda
come from stations on or near the shores of Lake Victoria and other large lakes, and are too sensitive to
locally evaporated lake water to be representative of western Uganda (Russell & Johnson 2006).
Based on previous research, we expect that westerly, Congo-sourced moisture will be isotopically
distinct from easterly, Indian Ocean-sourced moisture. Isotopic measurements from Congo Basin sites in
Cameroon and the western DRC show strongly negative δ18O and δD relative to East Africa, potentially
driven by large amounts of precipitation leading to progressive rainout of the heavier isotope (Rozanski et
al. 1993; Costa et al. 2014) and a large contribution of stratiform rain from the mesoscale convective
complexes that dominate Congo Basin rainfall (Schumacher and Houze 2006; Jackson et al. 2009; Kurita
et al. 2013). In addition, these samples contain a deuterium excess (i.e., a δD-δ18O relationship) of 14‰,
higher than the global average (10‰) and the average for the East African coast (9‰ at Dar-es-Salaam,
Tanzania), suggesting strong continental moisture recycling (Dansgaard 1964; Rozanski et al. 1993).
Therefore, we expect that Congo moisture will contain lower absolute δ18O and δD but higher deuterium
excess than moisture derived from the Indian Ocean. This hypothesis is supported by previous work in
East Africa (Costa et al. 2014) but will be confirmed using air-parcel back-trajectories and in situ
observations of rainfall totals, wind speed/direction, and other meteorological variables. Preliminary data
from “samples of opportunity” collected from 35 sites in the northern Albertine Rift during synergistic
field campaigns in 2011 and 2014 (including Uganda, Tanzania, Rwanda, and the DRC) reveal a large
range of rainfall δ18O and δD among storms in the region (Fig. 3). The Albertine Rift’s Local Meteoric
Water Line is more similar to Cameroon and the DRC than coastal Tanzania, supporting an affinity with
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Congo-derived moisture. Comparison of samples across all three sites will also help to identify moisture
that is derived from local recycled sources, such as nearby lakes.

Figure 3. δD and δ18O of water samples from the northern Albertine Rift. These “samples of opportunity” were collected during
boreal autumn (SON) 2011 and 2014. The Local Meteoric Water Line (LMWL) for NAR rain samples is shown in black. For
comparison, LMWLs are also shown from the nearest GNIP stations in the Atlantic/Congo moisture source region (Kinshasa,
DRC; Mouloundu, Cameroon) and from a pure Indian Ocean moisture source region (Dar-es-Salaam, Tanzania). Arrows show
samples taken in or near proposed research sites.

Rainwater collectors designed for isotopic studies will be constructed at each of the three study sites,
and park rangers or other on-site personnel will be trained on daily sample collection following protocols
established elsewhere in Africa, Indonesia (Konecky et al. 2016), and the equatorial Pacific Ocean
(Conroy et al. 2016). Collectors will be built from laboratory-grade polypropylene and covered with
reflective aluminum tape to prevent degradation under UV, with mesh netting to prevent interference
from birds and insects and a lightweight ball to prevent evaporation. Samples will be collected in 4-ml
glass vials with polycone-seal caps, wrapped with parafilm, and stored in a cool and dry location before
being shipped to the United States. The stable oxygen and hydrogen isotopic composition (δ18O and δD,
respectively) of all water samples collected at Bwindi and Murchison Falls and a subset of samples
collected at Semiliki will be analyzed using a Picarro L2130-i at the SIRFER facility at the University of
Utah, an open, cost-center facility that provides discounted analysis services to U.S. universities.
Isotopic results will be compared with back-trajectories, remote-sensing information, and other
atmospheric data to estimate event-specific moisture sources and transport characteristics. Each rainfallday trajectory will be infused with land-cover attributes derived from Moderate Image Spectrometer
(MODIS) data. The four MODIS products to be used are MCD12Q1 (Land Cover Type) (Friedl et al.
2010), MOD44B (Vegetation Continuous Fields) (DiMiceli et al. 2011), MOD15 (Leaf Area Index and
Fractional Photosynthetically Active Radiation) (Myneni et al. 2002), and MOD16 (Global
Evapotranspiration) (Mu et al. 2013). For example, large cumulative LAI values for ten-day backtrajectories is commonly associated with large continental precipitation recycling ratios (Spracklen et al.
2012). MCD12Q1 and MOD44B are computed annually at 1 km and 250 m resolution, respectively.
MOD15 and MOD16 are computed daily at 1 km resolution. It is possible to get more detailed
information about the hydrologic cycle using a quasi-isentropic calculation of trajectories of water vapor
from precipitation events (Dirmeyer & Brubaker 2007), but that procedure is beyond the scope of this
proposal. The isotope and back-trajectory analyses will be aided by in situ rain and wind observations
captured by rain gauges and research-grade anemometers located onsite. Other atmospheric observations
will be used to link our analyses with the larger circulation context of western EEA, including data from
automated weather stations at Bwindi and Murchison operated by collaborator Anton Seimon and the
Institute for Tropical Forest Conservation (see letters of collaboration); these stations will be upgraded in
2017, and are part of a larger network of weather stations located throughout Uganda, Rwanda, the DRC,
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and Tanzania. Sub-daily and daily data will be provided at no cost. In addition to the weather stations,
farmer observations of daily atmospheric conditions (see Objective 3), will be collected to provide
additional wind and cloud data, as well as qualitative local knowledge about wind shifts and rainfall that
will be used to inform scientific analyses.
Objective 3: Identify and analyze the knowledge system (information, actors, transmission networks)
used by farmers in order to determine how climate-related decisions are made.
Working Hypotheses for Objective 3:
H3a: Farmers incorporate different components of scientific and locally-based information into
knowledge systems, and they assign these components differing degrees of importance.
H3b: Farmers are more likely to associate westerly winds, rather than easterly winds, with the storms
during boreal summer and autumn and the onset of the boreal-autumn rains.
H3c: Local forecasting knowledge plays a larger role in decision-making relative to scientific
forecasts in areas with the strongest influence of Congo westerlies on rainfall.
Prior to examining knowledge systems of farmers, we will meet with the Uganda National Meteorological
Authority (UNMA) (see letters of collaboration) – the governmental body responsible for establishing and
maintaining weather and climate observing stations network, collection, analysis production, and
dissemination of weather and climate information (including warnings/advisories) – to determine the
seasonal forecasting process for forecasting zones in which the Uganda Rift resides. Understanding how
forecasts are made for the Uganda Rift, with attention placed on three field sites (Murchison Falls,
Semiliki, and Bwindi) will both improve our interpretation of farmers’ attitudes towards scientific
forecasts and refine our approaches to climate analyses in Objectives 1 and 2. Moreover, the
development of scientific forecasts and farmers’ use of these forecasts represents a major way in which
the physical-science and social-science components of the proposed research are integrated.
We employ social data collection at three spatio-temporal scales: interviews, quantitative household
surveys, and daily weather event reporting from partner households. These methods are designed to
associate large-scale weather patterns (Objectives 1 and 2) with observable events on the ground,
focused particularly on westerly winds. Intra-annual annual rainfall patterns vary within the Uganda Rift,
with Murchison experiencing a wetter boreal summer than Semiliki and Bwindi (Diem et al. 2014b).
Therefore, we expect spatial variations in the knowledge systems used by farmers to make climate-related
decisions (e.g., particular sources of information and their degree of importance), along with households’
observations of perceived consequential weather events (e.g., storm clouds from the west). Scientific
forecasts transmitted to farmers by UNMA are downscaled only to the regional scale and so may not
accurately predict seasonal rainfall patterns at the local scale in some communities. We will therefore
conduct interviews, household surveys, and daily event reporting at each of the three study sites to
measure the variation in knowledge systems and observed climate events.
Sample selection and data collection will proceed following proven methods informed by the
extensive experience of project personnel (e.g., Goldman et al. 2008; Hartter et al. 2016; Salerno 2016;
CNH-EX 1114977). Two study communities will be selected in each of the three sites to best represent
the agro-ecological and ethnic variation within sites. Community selection will be conducted in
conjunction with expert interviews and with the support of project collaborators and existing research
networks. Following the selection of communities, our research team will proceed with securing
permissions and clearance with the Uganda National Council for Science and Technology, the Office of
the President, and requisite district, county, and village offices, as is required by law.
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Figure 4. Information components and individual-level realizations of the farmer knowledge system. The climate
knowledge system (a) includes four general information components that influence on farm decisions. Individual farmers
construct mental models of specific climate elements (rectangles in (b) and (c); colors corresponding to general components in
(a)). (b) and (c) represent two hypothetical models of different farmer decisions, based on elements of information and their
degree of importance (weighted black lines).

Household surveys will allow us to quantify the within- and between-site variation in individual
knowledge systems (e.g., Fig. 4b, c) and allow for quantitative evaluation of hypotheses. Fifty households
will be randomly selected in each community (n=300) following a geographic random sampling strategy
termed “superpixels” (Goldman et al. 2008). The superpixel methodology, which has been used
previously by our team (2005-present), has proven to facilitate efficient sampling and generate
meaningful household-level information regarding climate perceptions, land use, and livelihoods.
Household surveys will elicit individual farmers’ mental models of trusted elements of climate
information (Lynam & Brown 2012; Hoffman et al. 2014), with specific elements drawn from the larger
knowledge system pool of available information. Figure 4 depicts a larger knowledge system (Fig. 4a)
and examples of two individual farmer mental models (Fig. 4b, c). Surveys will be translated into local
languages (predominantly Luo, Rukiga, Rukonjo, and Runyoro/Rutoro), then back-translated for
verification, and finally piloted in each study site. This process will yield a locally relevant yet
generalizable survey instrument quantifying key dimensions of our project themes: central sources of
climate information and degree of trust in and importance of those information types, information sharing
networks outside of central climate networks, cropping strategies and relevant perceptions and practices
related to climate, and area planted and yield for all crops cultivated. In addition, surveys will quantify
important features of rural household livelihoods (e.g., financial, human, natural, physical, social capital
assets; Chambers & Conway 1992; Chambers 1995) for use as controls.
Daily weather event reporting from partner households will yield high temporal resolution data at
each of the three study sites. This method, termed “family follows,” draws on approaches from public
health, anthropology, primatology, and community-based natural resource monitoring (Altmann 1974;
Bernard 1988; Stuart-Hill et al. 2005) to generate daily observations of weather patterns and a log of daily
farming activities. This method has been piloted successfully in the study region (20 families in 2013 near
Kibale National Park, western Uganda). Five partner families in each study site (n=15) will record
temperature, cloud cover and type (using simple grids held skyward and pictorial identification sheets),
presence of rain and wind, amount of rainfall (using rain gauges), notable weather features, and farming
activities using an Event Book System (Rostant 2011). The Event Book organizes daily activities to
create weekly, monthly, and annual summaries of perceptions and activities.
Household surveys will produce knowledge system maps at the group and individual levels,
respectively. H3a regarding knowledge system components and H3b regarding westerly winds will be
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evaluated by interpreting graphical representations of these maps (e.g., Fig. 4b/c, constructed for
communities and households) and combining qualitative information from observations during the
household interviews with descriptive summary statistics of household data (see Orlove et al. 2010; Diem
et al. 2016). In addition, we will integrate daily weather reporting data from family follows with rain
event data from Objective 2 to associate farmer reliance on westerly winds for their forecasting with
measured rainfall timing and amount. We will integrate data from interviews and surveys into findings
from Objectives 1 and 2 on where in the Uganda Rift and during what seasons the occurrence of Congo
westerlies is most closely linked to season onset, season duration, and seasonal rainfall totals.
Evaluating H3c regarding the role of scientific forecasts will begin by qualitatively assessing the
frequency and importance of scientific forecasts as an information source within the graphical maps of
group- and individual-level knowledge systems. This assessment will answer generally where in the
Uganda Rift farmers rely on scientific forecasts and where they do not. However, adequate evaluation of
H3c requires quantifying the variation present in individual-level knowledge systems within and between
sites. To do this we will fit item response models estimating individual mental model outcomes (e.g.,
identified elements and degree of importance of elements used in individuals’ decisions; Fig. 4b, c) from
household- and higher-level predictors (Jackman 2009, Ch. 9; see also Salerno et al. 2015).
Parameterization of these models allows for the inclusion of site-level varying slope and intercept effects
(i.e., random effects), which we will use to infer the differential role of Congo westerlies across sites. The
models will be estimated using computational methods with Bayesian inference, following protocols
employed in other areas of East Africa with similar household data (Salerno et al. 2015; Salerno 2016).
Model results will be compared with physical data from Objectives 1 and 2 to see if differences in
Congo moisture exposure explains differences in model results among the sites.
The lack of reliable, long-term in situ measurements of rainfall in the Uganda Rift and uncertainty
among satellite-based rainfall estimates (Maidment et al. 2015) makes it necessary to integrate local
knowledge with rainfall data to better understand rainfall trends. Qualitative studies of farmers’
perceptions of rainfall can add valuable information to conventional meteorological statistics on how
rainfall is changing (Simelton et al. 2013). The integration is described in more detail in Objective 4.
Objective 4: Assess the congruence of farmers’ observations and perceptions of Congo moisture and
associated rainfall with measured physical data as well as how farmers’ decisions are influenced by
perceived changes in Congo moisture and rainfall.
Working Hypotheses for Objective 4:
H4a The contribution of Congo moisture to seasonal rainfall, as determined by farmer observations of
westerlies and measurements in Objective 3, agrees with the meteorologically- and isotopicallyderived estimates of the contribution of Congo moisture as determined in Objective 2.
H4b: Farmers have perceived a decrease in Congo westerlies and associated rainfall over the past
several decades (Objective 3) analogous to a decrease shown by climatological data (Objective
1); in response, farmers have made significant changes to their agricultural practices, particularly
regarding season onset, resulting from those perceptions.
Completing the first three objectives will yield data and results that will be used not only for the
hypotheses related to those objectives but also will enable the completion of a fourth, integrative
objective. Objectives 1 and 2 will provide physical data on the influence of Congo moisture at the start
of rainy seasons and on seasonal rainfall as well as multi-decadal time series of rainfall and air-parcel
back-trajectories. Objective 3 will yield information about farmers’ perceptions about rainfall variability
and change, including the influence of Congo moisture, and the coping and adaptation strategies resulting
from those perceptions.
Evaluating H4a requires a comparison of farmers’ direct observations of Congo westerlies and
rainfall in Objective 3 with the detailed analyses of rainwater isotopes and trajectories in Objective 2.
Daily weather reports from participating farmers (i.e., “family follows”) will contain the necessary farmer
information, such as daily observations of winds (e.g., movement of clouds) and rainfall, that can be
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directly compared with daily rainfall and stable isotope data. The analysis of stable isotopes in rainwater
and the back-trajectories for those rainfall days will enable us to pinpoint the provenance of the moisture;
therefore, rainfall linked to Congo westerlies will be identified with both physical and social science data.
Evaluating H4b requires integrating two types of social data from farming households in Objective 3
with climatological data in Objective 1. First, farmers’ daily weather reports will provide the specific
criteria for season onset and season cessation at the three sites. Those variables will be updated for the
two rainy seasons at the sites, and up to three daily products (i.e., ARC2, CHIRPS, and PERSIANNCDR) will be employed to create enhanced long-term databases of season onset, cessation, and duration.
Second, farmers’ perceptions of long-term changes in winds and rainfall and associated agricultural
decisions will be extracted from the survey and interview data. The perceptions data will be combined
with an assessment of multi-decadal trends in seasonal rainfall variables and Congo-westerly frequencies
derived from the satellite-based rainfall estimates and the modeled air-parcel trajectories. Since farmers’
perceptions of rainfall variability may be more influenced more by recent events and extreme events than
by long-term trends (Bryan et al. 2009; Osbahr et al. 2011) and are likely confounded by non-climatic
impacts such as management impacts on agriculture (Simelton et al. 2013), perceptions of changes in
atmospheric conditions will be analyzed in the context of recent extreme events and crop yields and. For
example, Diem et al. (2016) note that farmers’ perceptions of rainfall change in the Kibale region of the
Uganda Rift may reflect more decreased soil fertility than the shortened rainy seasons.
5. Intellectual merit, broader impacts, and dissemination of findings
Intellectual Merit: The proposed project advances the integration of geography and spatial science
through interdisciplinary research in rainfall variability and climate-related decision making. This
integrated approach is necessary to advance understanding of how rainfall variability, and westerly
moisture fluxes in particular, influence knowledge systems in East Africa – and, conversely, how local
knowledge systems can better aid our understanding of rainfall variability. The integration of social
science with climate science enables a deeper understanding of both fields while quantitatively addressing
climate uncertainties, a major societal challenge. On the physical-science side, this research will identify
the atmospheric conditions responsible for relatively wet and dry seasons on a spatial scale that is relevant
to local protected areas and communities, which has not yet been done for western Uganda. The stable
isotopic analyses of rainfall will fill a major gap in the existing data for Africa, which are not only
discontinuous, but were mostly collected prior to the modern satellite era when advanced climatological
applications became possible. Moreover, the proposed research will be the first study to specifically and
systematically target the isotopic signature of Congo moisture in rainfall in East Africa. These physical
data products alone will be a major resource for researchers studying EEA rainfall variability, with
potentially transformative results that will aid the identification of Congo air masses in future studies
across East Africa. On the social-science side, the proposed research advances theory of how climate
change can influence local knowledge systems and vice versa. Results will illuminate climate-related
perceptions and information sources of weather patterns, season onset and cessation, and informationsource selection in a key climatic transition zone already impacted by climate change.
Broader Impacts: The research outcomes of this project have the potential to improve the well-being of
smallholder farmers in East Africa by advancing our understanding of the role of Congo moisture in
rainfall variability, long-term rainfall declines, and knowledge systems. Ultimately, these interdisciplinary
collaborations can have broad societal impacts by guiding the use of fine-scale weather information to
help agro-ecological communities manage rainfall variability and adapt to climate change. To
specifically address issues of climate change and food security, we will build new collaborative
relationships with scientists, managers, and policy makers to integrate research results into management
plans, policy plans, and other activities at multiple geographic scales. For example, we will develop
partnerships with the Uganda National Meteorological Authority, Ministry of Water and the Environment,
Ugandan universities, and NGOs (see letters of collaboration). The research will greatly benefit the
United States and its citizens by fostering food security in western Uganda – and potentially other parts of
Africa – and thus minimizing or even eliminating food crises/refugee situations and U.S. monetary
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contributions to those situations. The proposed project will also infuse research in student training to
improve STEM education. PI Diem and co-PI Hartter will invite Ugandan collaborators to give lectures in
courses on climate change (GSU) and human-environment interactions in Sub-Saharan Africa (CU) via
Skype. PIs will also use time in the field to collect video diaries and vignettes from local farmers to
provide perspectives on climate change and food security in Africa. Hartter is also the Director for
Masters of the Environment (MENV) professional degree program, which has specializations in
Environmental Policy, Sustainability Planning & Management, and Sustainable Food Systems. Through
capstone projects and workshops, MENV students, CU Environmental Studies students in senior capstone
classes, and GSU Geosciences undergraduate students in Senior Seminar, will have opportunities to work
interactively with PIs in “hacker labs” to wrestle with problems and propose possible solutions. The
proposed project involves outreach to university and K-12 students traditionally underrepresented in
STEM as well as improvement of STEM educator development. Data and results from this research will be
incorporated into activities and resources of the Georgia Geographic Alliance (GGA). PI-Diem is the
coordinator of GGA, which is part of the national network of state alliances that promote geographic
literacy – and science literacy in general – at the K-12 level through partnerships between university
faculty and K-12 educators. The research also be incorporated into PI Diem’s Climate Literacy Labs;
these on-line labs are used by over 1,500 students annually at GSU. GSU is a Minority Serving
Institution, and is the #1 non-profit university in the nation for awarding bachelor’s degrees to African
American students. Konecky will leverage the proposed research to create a “Women in STEM” speaker
series at CU, in collaboration with co-PI Hartter, the CIRES Graduate Association, and the Postdoctoral
Association of Colorado, that will discuss research as well as their career paths, work/life balance, and
other issues cited as barriers to women in STEM (Hill et al. 2010).
Dissemination: Results will be disseminated to the scientific community through papers at professional
meetings (e.g., annual meetings of AAG and AGU) and manuscripts published in disciplinary journals in
geography (e.g., Progress in Physical Geography), climatology (e.g. Journal of Climate, JGRAtmospheres), as well as interdisciplinary journals designed to reach broader audiences (e.g., Global
Environmental Change) and those through open access (e.g., Ecology & Society). Many of the data
sources, methods, and results will be incorporated into undergraduate and graduate courses at GSU and
CU to enhance the education of a broad range of students. Through ongoing collaborations and new
relationships, our results will also be distributed to the Uganda National Meteorological Authority,
Makerere University, Institute for Tropical Forest Conservation, Uganda Wildlife Authority, Uganda
Council for Science and Technology, and local governments and communities through a series of reports
and fact sheets. These will explain findings for a non-scientific audience, disseminated to regional
partners, communities, and natural resource management institutions, written in both English and the
local vernacular.
7. Research clearance
Research clearance will be obtained in the United States from the University of Colorado’s Institutional
Review Board (i.e., the ethics committee governing research conduct), the Ugandan National Council for
Science and Technology, Uganda Wildlife Authority, and the Gulu University Research Ethics
Committee. In addition, researchers will present themselves to district, sub-county, parish, and village
officials (e.g., LC5, LC3, LC2, LC1) for local permission. Permission will be obtained from the Uganda
National Meteorological Authority for use of any data.
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