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Food production in many areas in East Africa shows stagnating or declining trends, with demographic growth, land
degradation and climate variability being the main culprits. Wetlands, on the other hand, have year-round water
availability and generally high resource base quality and present potential production hotspots. They cover 20 Mio ha in
the four target countries with only a small proportion currently being used. We surmise that wetlands become the food
basket of the region. An increased food production from wetlands will only be achieved sustainably if intensified land use
can be reconciled with the conservation of biodiversity and the maintainance of ecosystem services. A consortium from
Bonn-Cologne-Jülich and several African partners assess the wetlands’ contribution to food security and the
sustainability of current use along climatic and social gradients. We study spatial-temporal dynamics of matter fluxes and
their underlying processes and assess technical options for enhancing production while considering ecosystem services.
Models and various assessment tools are developed and employed for cross-disciplinary and cross-scale integration and
regional projections under different global change scenarios. The integration of actors from development and policy into
the research process and a strong component of capacity building by training ensure the application of the findings both
within the region studied and beyond. The present report has been prepared for the General Assembly 2015 of the
GlobE-Wetlands project. The report covers the period from January 2014 to December 2014. Besides the general
background and the structure and work packages, it contains findings and achievement. These findings are very
preliminary as the project started only in September 2013 and achievements are largely restricted to organizational
issues. The actual field research activities started in mid-2014 with the onset of the rainy season. Despite the delayed
start of the field activities, most milestones have been achieved, some few are 2-3 months behind schedule.
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1.

GENERAL BACKGROUND

Introduction
According to United Nations (UNEP, 2008) the food security challenges in Africa can be summarized in two key
questions: (1) How to maintain and enhance food production while improving the positive side effects and minimizing the
negative ones? (2) What is the best way to increase agricultural productivity in Africa where millions are still short of
food? The “Wetland” project will provide answers to these crucial questions through collaborative and interdisciplinary
research by an African-German consortium into the possible contribution of wetlands to food security in East Africa.
Enormous unused wetland reserves, prolonged periods of water availability and relatively fertile soils contribute to the
potential of wetlands for the expansion and intensification of agricultural production. However, such an intensification of
land use and the resulting increase in regional food security will only be achieved sustainably if the benefits accrued from
diverse wetland services can be reconciled with the requirement for increased food production. Sustainable use options
are likely to differ according to country and region, specific attributes of the wetland and its users, and the socialecological environment. We propose a strategy aimed at promoting a wise use of wetlands in Kenya, Rwanda, Tanzania
and Uganda. The suggested approaches involve cross-scale interdisciplinary research, combining field experiments and
surveys with modeling approaches and the assessment of regional and global change scenarios. Guidelines and tools
are being developed to provide answers as to where and how wetlands may be transformed in a sustainable way into the
future food basket of East Africa while still fulfilling essential functions and providing diverse ecosystem services.
The food security challenges
Securing sufficient, healthy and accessible food for all has been and remains a key challenge to which science can
contribute. Current projections show a continued increase of world population from about 6.8 billion people in 2010 to 9.1
billion by 2050. Developing countries will account for much of this expected increase, with sub-Saharan Africa (SSA)
leading the way, as its population is projected to double from 856 million inhabitants in 2010 to approximately 1.96 billion
by 2050 based on the assumption of a medium growth rate. On the one hand, this represents both a significant demandside pressure and a powerful driving force to further intensify land use for food production and to transform the
contribution of agriculture into the economic growth of SSA. On the other hand, recurrent episodes of sharp increases in
staple food prices are inflicting serious damage on the food security of the poorest households (IFAD, 2010).
Production potentials are increasingly limited by soil nutrient depletion and erosion. About one half of the agriculturally
used land is affected by drought and nearly 80% is characterized by unfavourable soil conditions (Millennium Ecosystem
Assessment, 2005). Intensified land use further exacerbates soil-related and pest problems. Climate change will likely
lead to shorter return periods of extreme climatic events (heat waves, floods) in East Africa, thus increasing farmers’
exposure to significant climate-related welfare losses such as those that have occurred in the recent past. However,
agriculture remains a powerful engine for economic growth, food security and poverty reduction. Investments in
agriculture stimulate economic growth and several staple food crops in SSA are produced at a competitive price, at least
for the domestic markets (Seck et al., 2010). Furthermore, unlike Asia and Europe, Africa still possesses a large
reservoir of underutilized agricultural resources, of which wetland areas are the most promising. Thus, we assume that
agriculture in SSA will play a significant role both in ensuring regional food security and in contributing to that of the world
in the coming decades, mainly through an intensified, yet wise use of wetlands that is able to reconcile the needs for
increased food production with growing concern for the environment.
The wetland alternative
Wetlands in SSA consist mainly of inland valleys and alluvial floodplains that make up more than 80% of East Africa’s
total wetland area and cover some 18 Mio hectares in Kenya, Rwanda, Uganda and Tanzania. Their accelerated
conversion into sites of production has been largely responsible for the recent increases in per-capita food production
and the decline in the number of undernourished people in the region and generates food for urban communities and
income for thousands of farm families (FAO-STAT, 2012). On the other hand, this land conversion is also responsible for
a loss in biodiversity and a severe reduction in the provision of diverse ecosystem services, particularly when associated
with large-scale drainage measures (Millennium Ecosystem Assessment, 2005). The price for the current increased food
security and employment is thus often being paid for by the destruction of habitats for flora and fauna and the loss of
ecosystem services of unknow dimension so far.
The Millennium Ecosystem Assessment (2005) defines wetland services as the “benefits people obtain from wetland
ecosystems”, comprising of provisioning services (food and water supply, provision of fibre, fuel and genetic materials),
regulating services (climate and water regulation, water purification, erosion and natural hazard regulation, retention of
sediments and habitat for pollinators), cultural functions (spiritual, recreational, and educational), and supporting services
(soil formation, nutrient cycling).
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Likewise, wetlands play a key role in the conservation of biodiversity and as habitats for wildlife. They are buffers and
storage areas for water, and some 45 Petagrams of carbon are stored in wetland soils in sub-Saharan Africa. Many
wetlands are considered sites of great cultural value. They are also used for recreation and tourism, and are of particular
importance to poorer households. In addition, many wetlands in arid and semi-arid areas are important refuge grazing
grounds for landless herders during the dry season. In summary, wetlands are multi-functional and are used by diverse
stakeholders who interfere to various degrees with the natural ecosystem. There is a need to reconcile the benefits
accrued from diverse wetland services with the requirement for increased food production.

The study areas
The choice of intervention areas for characterization, integration and extrapolation studies, are based on a set of
biophysical attributes, socioeconomic factors, and policy priorities. They comprise floodplains in the semi-arid highlands
(Ewaso Narok swamp in Kenya) the sub-humid lowlands (Kilombero valley in Tanzania), as well as inland valley
landscapes along an urban-rural gradient (Kampala - Namulonge in Uganda) and an altitude gradient (Nyavarungu River
around Kigali, Rwanda). The selected areas reflect the prevailing diversity of wetland attributes, and are national priority
environments. They are ideal environments for conducting field experiments and surveys, providing the required
attributes for data integration and modeling activities, and are representative to allow for up-scaling and extrapolation
activities. The political interest in the work is seen to facilitate data transfer from science into the application arena.
Goals and objectives
The overall aim is to assess the potential for transforming wetland areas into the food basket of East Africa, and to
provide science-based guidelines and tools to facilitate this process. This aim translates into four major goals, which are
addressed at different scales. We hypothesize that wisely used wetlands will become the future food basket of East
Africa. We surmise that the required food production increases can be reconciled with concerns for nature protection and
the maintainance of ecosystem services through a site specific constraint analysis and the system-specific development,
targeting and extrapolation of sustainable production methods. The development of guidelines leading to such wise use
requires cross-scale assessment and integrated modeling strategies. We hypothesize that wisely used wetlands will
become the future food basket of East Africa. We surmise that the required food production increases can be reconciled
with concerns for nature protection and the maintainance of ecosystem services through a site specific constraint
analysis and the system-specific development, targeting and extrapolation of sustainable production methods. The
development of guidelines leading to such wise use requires cross-scale assessment and integrated modeling strategies.
The outcome is seen to be a set of tools and products that are based on sound scientific knowledge and that can
contribute to decision making (protection vs. use), guide land use planning, and inform policy.

Goal

Scale

Cluster

Objective

Wetland

A

Status Quo

Analysis of current wetland uses systems and comparison
of major use strategies for regional food security

1

Understand the systems

2

Optimize wetland use

Wetland
– catchment

B

Options

Assessment and spatial targeting of innovative land use
options at different scales and organizational levels

3

Build models to assess
scenarios

wetland –
sub-regional

C

Integration

Development of integrated tools for the assessment of use
options under regional / global change scenarios

4

Upscale findings, formulate recommendations

Wetland
– national

D

Extrapolation

Spatial-temporal extrapolation of desired wetland use
systems and guidance for wetland use planning

5

Capacity strengthening

National –
international

E

Capacity
building

Implementation of degree training and other capacitystrengthening measures

References
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http://www.fao.org/countryprofiles/default.asp?lang=en.
IFAD – International Fund for Agricultural Development (2010): Rural Poverty Report 2011. New Realities, New
Challenges: New Opportunities for Tomorrow’s Generation. IFAD, Rome, Italy. 320 pp.
Seck, P.A., Tollens, E., Wopereis, M.C.S., Diagne, A., Bamba, I. (2010): Rising trends and variability of rice prices:
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Millennium Ecosystem Assessment (2005b): Ecosystems and human well-being: Wetlands and water. World Resources
Institute, Washington DC, USA.
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2.

STRUCTURE AND CONTENTS OF WORK PACKAGES

Project structure
Ascertaining if and how wetlands may become the food basket of East Africa requires collaborative research in different
disciplinary fields. It entails conducting studies on the current state and uses of wetlands and the underlying processes
(cluster A: Status quo), the identification of adapted wetland use scenarios (cluster B: Management options), the
assessment of potential future wetland uses (cluster C: Integration and scenarios), and spatial targeting and up-scaling
(cluster D: Extrapolation and recommendation). The project structure is complemented with diverse activities of training,
the provision and dissemination of decision-making tools, and multi-stakeholder workshops (cluster E: Capacity-building).
The workpackages within the five research clusters are listed below:
Cluster A: Status quo and function of wetlands:
A1: Characterization and typology
A2: Potentials, uses, constraints
A3: Socio-economic evaluation
A4: Ecosystem services
A5: Matter fluxes
Cluster B: Alternative options for wetland use:
B1: Testing and modeling options
B2: Environmental effects of options
B3: Economic effects of options
Cluster C: Integration and scenarios:
C1: Central database;
C2: Scaling issues;
C3: Scenarios and story lines.
Cluster D: Extrapolation and recommendation:
D1: Social-ecological niches
D2: Human health impact
D3: Quantification in space and time
D4: Regionalization
D5: Policy advice
Cluster E: Capacity building
The cooperation follows a multi-stakeholder approach based on partnerships, and builds on already existing network
structures. These structures are characterized by the mutual complementary and disciplinary expertise of the various
partners in the fields of socio-economy (resource and institutional economics, social anthropology, policy economics,
social geography), resource management (biodiversity, hydrology, hydrogeology, meteorology, soil science), agronomy
(crop sciences, livestock management, rice production, organic agriculture) and human health (public health, water
quality). This project benefits from the experiences of long-term collaboration gained through diverse joint research
projects within the consortium.
The outlined expertise and network connections have been used to form the proposed wetland consortium. The
conceptual links between disciplinary areas and work packages are shown in Figure 1 (Annex 2). The five
interdisciplinary research clusters are complementary and build on each other. The interlinking of work packages and
activities is conceptualized in the Figure 2 (Annex 2).
The following sections present the activities, preliminary results or achievemnets obtained in the central project
coordination units and the five clusters of work packages. The project has started in September 2013 and the reporting
period is for the year 2014.
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3a

ACTIVITIES AND KEY FINDINGS (administration and governance)

3.1

Project management and organization

The complexity of the subject and the diversity of involved players, as well as our expectation to make a contribution to
regional food security require a governance structure with clearly defined roles and shared responsibilities at both the
strategic and the operational level of planning and implementation. The following bodies of governance are now in place:
“Speaker” The speaker (M. Becker) and his deputy (B. Diekkrüger) are correspondents and responsible for the
communication with the donor and the executive organization of the initiative and take responsibility for over-arching
coordination activities. They are supported by a technical coordinator (Mr. Eike Kiene - 50% position) and an administrative secretary (Mrs Susanne Hermes- 20% position) in the central project office.
„Advisory board” The contributions of the project goals and activities to both national and international research and
development priorities are being checked upon and corrected if required in the annual meeting. The board is made up by
decision makers. Members of the Advisory board are: Rose Mukankomeje –REMA, Rwanda; Alice Kaudia – Ministry of
Environment and Mineral Resources, Kenya; Richard Kyambadde – Ministry of Environment, Uganda; Ludwig
Kammesheidt - International Office of the German Federal Ministry for Science and Education.
“Cluster Leader” Each of the five thematic clusters of the project has a responsible leader to ensure the congruence of
activities within the cluster and the timeliness of implementation and data delivery as well as administrative reporting.
The Cluster Leaders interact with university and other administrations. The Cluster Leaders are M. Becker – Cluster A;
U. Köpke – Cluster B; M. Langensiepen – Cluster C; B. Diekkrüger – Cluster D, and B. Reichert – Cluster E. They report
to the speaker for administrative and to the steering committee for technical matters.
“Country Coordinators” They support the country activities logistically, provide back-stopping and administer funds for
country-level activities. They also contribute to the scientific priority setting as members in the Steering Committee.
Country Coordinators are H Oyieke – Kenya; M. Ugen – Uganda; D. Rugege – Rwanda; and S. Misana – Tanzania.
“Steering Committee” It decides on the scientific / technical priorities and approves research activities at the work
package level. It is composed of the Speakers, Country Coordinators, and the CGIAR partner and meets annually.
Funding of the GlobE-Wetland project was approved in August 2013. The project actually started with a kick-off
workshop in Dar-es-Salaam, Tanzania in September 2013. The first activity was an interdisciplinary Monitoring Tour
(October 2013 and January 2014) with up to 20 scientists from all involved countries to assess wetlands diversity and
attributes, and the developing a wetland typology. The multivariate statistical analysis is on-going will be ready for
publication in September 2015. Between January and August 2014, research equipment was procurred, infrastructure at
three of the key sites was put in place, and the equipmet installed at the sites.
Physical infrastructure: A coordination office in Bonn has been obtained from the university and was furnished with funds
from the Faculty of Agriculture and the INRES Institute. It is located in the center of the campus of the Agricultural
University in Bonn (Nussallee 1). It houses the technical coordinator and also the three Bonn-based post-docs. Additional
facilities are available for accommodating visiting scientists.
The central coordination office also houses the computer back-up and the project communication infrastructure. The
high-performance central server was established. It is synchronized with the server at Makerere University. Fife
automated climate stations have been procured and installed at the super test sites as well as in the Ewaso Naroc
swamp in Kenya. Climate stations provide essential data for crop simulation modelling, hydrology, climatology, regional
extrapolation. The stations collect data at 10-minute intervals and relay them to the central server facility in Uganda.
Administration and Organization: Legal agreements that govern the collaboration have been prepared and signed by all
collaborating organizations. A kick-off meeting with 50 participants has been organized in Dar-es-Salaam during which
research priorities have been refined and methodological approaches were harmonized. Research equipment for all
project sites (drying ovens, grinding mills, soil-water station, sampling and chemical analytical equipment, etc.) has been
purchased and sent to the target countries (except Rwanda). Fully functional project houses providing accommodation
and means to conduct research are established and operational in Kenya, Tanzania and Uganda.
The central coordination office organizes a meeting for all staff and students in Europe on each first Friday of the months.
At these meetings, organizational issues are discussed, students present their workplans, methodological approaches
are harmonized, and priorities and collaboration needs for field research activities are defined. The minutes of these
meetings are shared with all GlobE-Wetlands memebers and are posted on the GlobE website.
The web-site has been established (http://www.wetlands-africa.de/) and is being updated weekly. Besides general
information about the project, details on the study regions, publications and presentations and a list of contacts, the site
has an interna page where the approved proposal, progress reports, students’ profiles, and the minutes of the monthly
meetings are accessible. Also via the internal page, members can access the central database.
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3b

ACTIVITIES AND KEY FINDINGS (research findings)

Actual field research started only in September 2014 (Uganda) and in January 2015 (Tanzania and Kenya).
Consequently, the reported findings and achievements are preliminary concerning results from the last 2 months of 2014.

3.2

Cluster A: Status quo and function of wetlands

Analyzing the potential for wetlands to become the future food baskets of East Africa or rather sites of protection
requires, firstly, an improved understanding of the diverse types and use systems in major wetlands, the tradeoffs
associated with the conversion of semi-natural land to agricultural use, and the processes that underlie both the driving
forces of use changes and the processes determining ecosystem services and the production potential of key wetland
commodities. We evaluate and quantify the production potential versus the current yield level in specific wetland
situations, investigate the processes involved at multiple scales, from within individual wetlands to the larger region, and
evaluate the relative merits of food production against those of other ecosystem services. Cluster A forms the basis of
most research activities conducted in clusters B, C and D. Here we answer the essential questions that define the current
state of resource availability, uses and users, and identify the processes defining the resilience and vulnerability of
wetland systems. This knowledge of the status quo and the functioning of wetlands guides the selection, testing and
targeting of new management options and provides the quantitative basis for understanding their environmental and
economic effects. The key research questions to be answered in cluster A are: (i) What are the characteristics of different
key wetland types?; (ii) What is the potential for agricultural production and what are the major biophysical constraints in
different regions?; (iii) What is the socio-economic background of the people living in and in close proximity to these
wetlands, and how do the wetlands contribute to food security?; (iv) What are the ecosystem services provided by these
wetlands, and what is their ecological and economic “value”?; and (v) What are the water and matter fluxes within
different wetland types and use systems, and how do they affect soil quality and water-associated human health risks?

WP A1: Wetland characterization and typology
Abstract: Wetlands within the four national priority areas are increasingly being converted into sites of agricultural
production. To guide the selection of representative target sites and to develop management strategies, there is the need
for a systematic characterization and classification of homogenous wetland sub-units. We combine interdisciplinary rapid
assessments and participative appraisals for gathering data about biophysical and socio-economic attributes, about the
driving forces for wetland uses and about attributes affecting the vulnerability of agro-ecosystems. We proposed a
methodological approach for data collection and and analysis by multivariate statistics. A classification of assessment
(use) units is developped, which will be also implemented in an expert system able to classify further units.
Objectives: We hypothesize that the diversity of the biophysical characteristics of wetlands and of the socioeconomic
attributes of their surrounding environments and users are determinants of the prevailing wetland use (types, intensity,
and duration). The aims of the study are: (i) to capture wetland diversity in this multidimensional space; (ii) to classify and
characterize assessment units in the wetlands based on their biophysical characteristics and socio-economic attributes
using multivariate analysis methods; (iii) to link classification attributes to major land use types, deriving driving forces for
use; and (iv) to provide an expert system able to classify further wetlands in the region.
Activities and key findings
Mapping assessment units and data collection: A multi-disciplinary monitoring tour to the key wetland environments in
the four target countries has been carried out between October and December 2013. During 2014 the team was working
in digitizing and formatting data for storage in a common database, including results of chemical analysis of soil samples.
Here we present a preliminary interpretation of statistical data analysis. The multidisciplinary team comprised scientists
from agronomy, soil science, hydrology, economics, vegetation ecology and geography. The “tile approach” was
established to define representative assessment units and to collect information required to determine the diversity of
uses in wetlands. After the delimitation of wetland fringes and the overlay of a grid comprised of tiles of 250 m by 250 m
size, 10% of all tiles in a wetland are randomly selected. Each tile was visually divided into homogenous land uses or
vegetation cover. These were mapped as polygons inside (Figure 3; Annex 2) and served as “assessment units. During
discussion in the field, a hierarchical scheme of land use classification was proposed (Figure 4; Annex 2). In each of the
130 wetland assessment units, 95 variables were collected. Additionally, we adapted an assessment developed in South
Africa for the evaluation of degradation status in wetlands (WET-Health). The method consists of scores estimated by
experts from 0 (pristine wetland conditions) to 10 (complete loss of wetland properties).
Diversity of uses and multivariate classification: For a first assessment of diversity patterns according to bio-physical
characteristics and socio-economical attributes, we applied a principal component analysis (PCA). The resulting
ordination is shown in Figure 5 (Annex 2) and suggests a high diversity in the respective properties.The PCA detected
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patterns of correlations between variables, whereby the overall variability was strongly dependent on land use types
(croplands, fallows, grazing lands and unused units). By iterative procedures and inter-correlation analysis, we selected a
pool of 17 variables for the application of hierarchical clustering. According to the resulting dissimilarity patterns, we
identified 9 cluster groups (Figure 6; Annex 2) related to resource availability. These groups were primarily differentiated
by the presence and type of natural vegetation, flooding regimes, and soil organic matter content (SOC). Within these
cluster groups, the physical accessibility and the distance to the market largely determined land use-related attributes
such as drainage intensity presence of animals, and amounts of agrochemical inputs. A first analysis of the WET-Health
scores, assessing the state of wetland degradation, indicates a good correlation with the land use intensity and soil
flooding duration in the units. Thus higher scores were associated with short periods of soil flooding and low scores with
prologued soil flooding (Figure 8, Annex 2). The WET-Health approach appears to be suitable for the assessment of
wetlands in East Africa. Also the 9 wetland cluster groups were consistent with WET-Health scores. Thus, Cluster 1 was
associated with the highest WET-Health scores, and was characterized by near permanent flooding, high SOC, and a
predominance of perennial species. On the other hand, cluster 8 with the lowest WET-Health score showed high
drainage density, low SOC, and a year-round cultivation of vegetables with high use of agro-chemicals. The suggested
wetland typology has subsequently guided the selection of in-depth study sites (see WP A2) and will provide the basis for
spatial-temporal extrapolation studies regarding production potential technical options and general land use decisions.

WP A2: Potentials, uses, constraints
Abstract: Resource availability differs between wetlands and seasons and determines the agricultural production
potential. Assessing the actual and potential yields and quantifying the main limiting factors is necessary to guide
intervention strategies and the assessment of wetlands’ future contributions to food security. We analyze rice and maize
(at lower intensity also vegetable and forage) production systems at the two super test sites and relate yields to resource
base and management attributes using a yield gap approach. Post-harvest and other losses are being evaluated along
the value chain for selected commodities. The knowledge obtained will serve to identify productivity gaps and target
future land use and management strategies.
Objectives: We defined two “super test sites” to maximize cross-disciplinary interactions and where all partners interact
and contribute to knowledge generation. The sites were selected for their representativeness of major wetland systems
based on the typology (poster 2), and are characterized by available infrastructure and base line data. In these central
field experiments we establish resource inventories, comparatively assess land use and technology options, and monitor
their impact on the biophysical and social-economic environment over extended periods of time. The super test sites
comprise a lowland floodplain at Ifakara, Tanzania and a highland valley in Namulonge, Uganda. At each site, and in
three hydrological situations, the moist wetland fringe, the seasonally flooded/dry mid-section, and the year-round wet or
flooded wetland centre positions, fenced observation and experimental areas of 2500 m² each were established.
Activities and key findings
A review of published literature of the last ten years about potential, uses and constraints of agricultural production in
African wetlands and of biodiversity (both vegetation and animals) has been compiled. The on-going field research
activities determine potential and actual yield levels and the main yield-limiting factors for diverse climatic environments
and wetland use types, and assess losses along value chains in the case of selected marketed commodities. The
activities combine crop growth modeling with field experimentation and regional surveys with the aims to establish yield
gaps of maize and rice, to quantify yield and limiting factors, and (iv) to determine losses along value chains. In the
agronomic experiments we compare three strategies: (1) In yield gap trials, we quantify the role of weeds, nutrients and
supplementary irrigation on bridging the gap between actual and potential yields of dry season maize and wet season
rice; (2) in intensification experiments, we compare extensive uses with single and double crop options on yields and on
changes in resource base quality and ecosystem service provision; (3) in diversification trials, we study alternative
agronomic management options comprising pre-rice and pre-maize green manures, post-rice forage legumes, and the
use of farmyard manure und composts. The experimental design is exemplified for the case of Namulonge in Figure 9
(Annex 2); the main treatments are listed in Table 1 (Annex 1).
Dynamics of resource availability: For the determination of greenhouse gas fluxes at the commonly used wetlands of
Uganda, static chamber measurements have been implemented on a weekly basis with several replicates. Gas samples
are routinely taken in the field, transferred into sample vials and transported to Germany via express courier on a regular
basis for analysis in the laboratory of Forschungszentrum Jülich. At the same time, soil samples are taken regularly on a
weekly basis for the determination of soil mineral nitrogen dynamics and extracted in the laboratory of Namulonge
research station. The extracts are then transferred to the soil science laboratory of Makerere University for analysis of
soil ammonium and nitrate concentrations. The same sampling and analysis scheme will be implemented at the super
test site in Tanzania at the beginning of 2015. In the meantime, soil samples have been taken, air-dried and transferred
to Germany for soil incubation experiments to test for resource availability, especially SOC and N supplying capacity,
under controlled conditions. The main objective is to analyze the effect of water regimes on soil C and N dynamics.
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Quantification of changes in C and N stocks and soil nutrient status: The quantification of changes in C and N stocks and
nutrient status includes five major activies: (i) C and N stocks and soil nutrients in different areas around East-Africa; (ii)
soil-nutrients under different treatments; (iii) availability of SOM for turnover processes; (iv) availability of nutrients related
to specific Eh- and pH-conditions; and (v) the analysis of C- and N-fluxes between pedosphere and atmosphere. To
quantify the stocks of nutrients a monitoring tour to the key wetland environments in the four target countries has been
done in the fourth quarter 2013. Results for all four countries are summarized in Table 2 (Annex 1).
Availability of nutrients related to specific Eh- and pH-Conditions: The first soil sampling (240 samples in total) took place
st
th
between July 31 and Aug 11 . Each plot has been sampled 5 times, in every corner and in the middle, from two
different depths (0-30 and 30-50 cm below ground). First results show a high variability within the EC, especially in the
central area in the lower layer. The pH-variability is also relatively high within one repetition of the central-experiment
(Figure 10; Annex 2). First result show that there is a layer around 30-40 cm below ground in the fringe and the center
position, where the sand content is highest. In this layer, all analyzed components exhibit their minima. The contents of
OM, Ctot, Ntot, Feoxalate, Fedithionite decrease from surface to this layer, then increase or stabilize again. All three
hydrological situations are in reducing conditions at least 30 cm below ground. The redox potential shows high variability
within the first 10 cm, most of the time in oxidizing conditions (Figure 11, Annex 2). The GHG fluxes are highly variable,
not only between the treatments but also within the replicates of every treatment. The highest fluxes of CO 2 and CH4
occur in drying periods when the redox potential at 10 cm depth is increasing. N 2O fluxes are highest in treatment 2 and
5, shortly after the last disturbance of soils by agricultural practices. The same observations will start in February 2015 in
Ifakara/Tanzania in the floodplain of the Kilombero River.
Availability of SOM for turnover processes: Soil-Organic-Matter (SOM) is one of the most important parameters of soil
fertility and stability. It is involved in many geochemical processes and is a key-role-player in interactions between
mineral soil particles, and fluxes between many spheres of our environment. For the analysis of SOM the sampling in
Namulonge (Uganda) took place in August 2014 and a second will take place in Ifakara (Tanzania) in February, shortly
after the installation of the Central-field-experiments. These will be analyzed for different particulate-organic-matter
(POM) fractions by density-fractionation.
Yield gap: We investigate production potentials and limitations in rice and maize by calibrating validated crop models with
experimental field data and subsequently using them for scenario analyses. The crop models ORYZAv3 for rice,
LINTUL5 for maize were used. The central field trials were used for generating model calibration data. The yield gap
(difference between simulated potential or agronomically achievable and farmers’ actual yields as well as key factors
contributing to the gap) are being studied. Partitioned biomass, nutrient content and phenological development are the
major traits recorded. The calculation of the average potential yields will be done with the calibrated model, using
weather data from the last 5 - 10 years as input parameter. Finally, we will explore yield limiting factors in scenario
analyses by using model simulations as a benchmark. These on-station yield gaps are being backed-up by regional yield
assessments in 20-30 farmers’ fields within close vicinities of the central field experiments. First results show large yield
gaps, caused mainly by poor land preparation, high weed pressure and low soil fertility. Large yield advantages were
realized with good agricultural practices and yield increased 2 - 3 times compared to farmers’ practice.
Yields and limiting factors in vegetables: The cultivation of high-value vegetable crops is rapidly increasing in peri-urban
wetlands. The vegetables are mainly cultivated in the drier wetland fringes during the dry season. In fully drained
wetlands with good water management, vegetables are cultivated year-round throughout the wetland. Key production
constraints are biotic stresses (fungae, insects and nematodes). An initial inventory of major pests and diseases is being
started in the tomato-growing areas of the Ewaso Narok swamp in Kenya in early 2015 and by an inventory in vegetables
along an altitude gradient in Rwanda in 2015. Pest and related losses will be related to soil and land use attributes.
Forage quality and availability: The importance of forage for nomaidic pastoralists and sedentary animal husbandry is
largely limited to floodplain wetlands during the dry season. In collaboration with vegetation ecology, major vegetation
formations in Tanzania and Kenya will be assessed regarding biomass, nutritional value and digestibility in late 2015.
Losses along the value chain: The activity focuses on post-harvest losses of grains (rice and maize. A survey is based
on a site-specific evaluation of the APHLIS (African post-harvest losses information system) started late 2014. A first
analysis indicates considerable losses for the main staple crops. In Kenya, post-harvest losses of maize amounted to
27% corresponding to an absolute loss of 323,558 t. The main reasons for losses occurred during harvesting and farm
storage. While losses during harvesting were strongly correlated to the amount of precipitation, the main loss factor
during storage was the larger grain borer. In the other countries, the losses were estimated at 17% in Uganda, 18% in
Tanzania and 23% in Rwanda
Crop management systems: A first assessment of cropping systems was carried out in the frame of the wetland typology
survey. However, the level of specification was not sufficient for a compreghensive assessment. In the frame of an
ongoing socio-economic survey, a more detailed questionnaire is used to characterize the crop management systems.
First results underline the predominant role of maize during the dry season grown on a total of 23% of all assessed
wetland fields (n=103). Rice is grown on another 17% of the fields followed by vegetatble (8%), and sugarcane (7%).
8

GlobE - Wetlands

Annual progress report 2014

______________________________________________________________________________________
WP A3: Socio-economic evaluation
Abstract: This work package provides an understanding of the social, economic and cultural factors that shape patterns
of access to and use of wetlands. In close collaboration with colleagues from public health and social geography, we
analyze dynamic land use patterns and scrutinize how health issues impact them. Research also addresses gender
dynamics regarding wetland access, use and benefit. Crop management systems and their potential contribution to the
livelihoods of the surrounding communities are being evaluated.
Objectives: We determine the social, cultural and economic backgrounds of wetland users, explore their management
systems, and investigate the health risks involved. Gender aspects receive special attention in analyzing the factors that
govern women’s involvement in the use of wetlands. Furthermore, attention will be devoted to both formal and informal
institutions governing access to and use of wetlands. Aims include (i) assessing the social, cultural and economic
dimensions of wetland use, (ii) explore and categorize crop management systems, (iii) explore existing and perceived
health risks, and (iv) determine factors governing women’s participation in wetland use.
Activities and key findings
Social, cultural and economic dimensions of wetland uses: The social anthropology workgroup focusses on wetland
users in Uganda, Rwanda and Tanzania, aiming to provide information about user groups and their practices related to
the wetlands, but also to provide an emic perspective on how farmers, workers, residents perceive wetlands related risks
and opportunities. Key activities atrated in 2014 asses institutional dynamics governing access and ownership of
wetlands; gender relations and female participation in wetland-related activities; and the political ecology of health in
wetland areas and of wetland users. Preliminary outcomes are that there are inadequate input supplies and weak
implementation of government-rules on the local level, rendering official policies ineffective. Recent tension between
farming communities and pastoralist groups have been watered down by local-government bylaws that forcefully
removed the pastoralists from many parts of the district.
Existing and perceived health risks: Emic perceptions of health risks and local knowledge of remedies in relation to
wetlands and their use are being researched around Namulonge, Uganda. After a comprehensive literature review, an
exploratory research is currently carried out (September-November 2014). Interviews and ethnographic observations in
rural areas point toward discrepancies between local and biomedical understandings of typical wetland-related health
risks. The data will be used to develop a health assessment tool for wetlands. Preliminary findings point towards a gap
between the biomedical and local perceptions of health. It is expected that the emic understanding of health, especially in
relation to wetland agriculture, is narrowly linked to the socioeconomic and political factors that influence the way in
which local stakeholders access and make use of wetlands and their resources. Farmers’ access to the local health
system and non-governmental health facilities is likely to influence their health- related behavior.
Factors governing women’s participation in wetland use: In the past two decades, Rwanda has undergone some
extraordinary transformations. The research investigates the reciprocal effects of two major achievements: First, the
policies set in place for wetland development and protection and second, the progressive laws implementing women's
rights and gender equality. Our research will reveal, how recent regulations have affected gender equality in terms of
access to wetland as well as the organization and stratification of labor division in wetland communities. Rwanda was the
first East African country to declare wetlands as state property and effectively placing them under governmental control.
Around 11% of Rwanda's territory is wetland areas. Whereas before, small wetland plots were perceived as community
land and distributed according to customary tenure, the access to the wetlands is now regulated at district level. Plots are
no longer given to individuals but reorganized into larger entities and distributed to cooperatives. The second
transformation has been Rwanda's new gender legislation. Due to the large number of female headed households after
1994, there was a need to put women in a secure position concerning land titles. The 1999 succession law recognizes
women's right to inherit land and guarantees the equal distribution of land among male and female heirs. The 2003
Rwandan Constitution acknowledges women and men as equal. Rwanda is often is referred to as a success story of
women-friendly politics. Participant observation in two wetland communities aim to show how the transformation of
wetlands has affected gender equality how the new gender laws redefine gender roles and responsibilities within society.

WP A4: Ecosystem services
Abstract: Planning the use of wetlands for food production while maintaining other critical functions that wetlands fulfil
requires a comprehensive overview of the diverse ecosystem services wetlands provide and their economic value to
various users. These services may include the regulation of water flows, supporting dry-season livestock grazing, biodiversity conservation and ecotourism. We will assess critical ecosystem services, based on remote sensing data, field
surveys, and stakeholder workshops. Activities will be implemented in Kenya, Tanzania and Uganda, and will provide
“price tags” for selected services and maps with quantitative information on main ecosystem services provided.
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Objectives: This work package develops a (sub-)national scale assessment methodology for identifying critical
ecosystem services supplied by wetlands, and apply this methodology in two case study countries (Uganda and
Tanzania). The assessment methodology integrates spatial data analysis, field surveys and stakeholder workshops. The
aims are (i) analyzing vegetation patterns and functions, (ii) developing an assessment methodology, (iii) conducting two
national case studies in Uganda and Tanzania.
Activities and key findings
Classification and regeneration dynamics of natural vegetation: Prior to assessing the impacts of land uses on
vegetation, we require knowledge about properties of natural vegetation in the studied wetlands. A review of published
literature on ecosystem service theory and practical examples from African wetlands hase been compiled. In field
research activities, we assess species composition, distribution of ecological strategies and the amount of crop biomass
under undisturbed condition to estimate the magnitude of disturbances in anthropogenically influenced wetland ecosystems. A first classification of vegetation units is being assessed through a syntaxonomic approach. This classification
provides a typology of vegetation in a hierarchical scheme. This scheme defines vegetation relative to pristine riparian
stands such as plant communities of Cyperus papyrus, of Cyperus latifolius and of Typha domingensis (Figure 13,
Anniex 2). A vegetation bata base has been established, containg up to now more than 400 referenced entries.
Additionally, we simulate recovery dynamics according to the degree of disturnace of the wetland ecosystems. Recovery
dynamics will help estimating the time required by an ecosystem to return to its original staet and will guide developping
sustainable use strategies.. First results from the central experiments indicate a faster recovery in the moist central
section than in the drier fringe and middle areas of the wetlands (Figure 14, Annex 2).
Assessment on the basis of vegetation properties: Since vegetation properties are related to the status of the wetland,
we develop an assessment method considering not only species composition but also properties of vegetations. Figure
15 (Annex 2) shows exemplarily the relation between the share of annual species and the degree of wetland disturbance.
WP A5: Water and matter fluxes (Functioning of wetlands)
Abstract: The availability of water at wetland and watershed scale determines soil quality parameters and the production
potential for crops and forages at plot scale. The dynamics of ground and surface water fluxes and the movement and
activity of grazing animals will be studied regarding their effects on the spatial-temporal availability and the
transformation of carbon and nutrients and water-associated human health risks. Process studies are combined with
modeling approaches to understand the functioning of wetland systems and to target land use and management
approaches for increased food production in prototypic wetlands.
Objectives: This work-package determines the wetland-specific variability of solid and solution soil phase parameters as
well as the related gas fluxes. It will further quantify the role of animals for nutrient transport into the wetland and for
nutrient cycling within the wetland. It determines the variability of water quality, and evaluates water quality with respect
to human consumption and food production, and quantifies the proportion of groundwater within the wetland system. The
aims are to quantitatively assess: (i) the dynamics of resource availability, (ii) the role of animals as vectors for nutrients,
(iii) groundwater dynamics, water quality and public health, (iv) water balance on wetland and catchment scale
Activities and key findings
Dynamics of resource availability: There is a need to use internal resources more efficiently. With wetlands being
exposed to repeated cycles of soil drying and re-wetting, large N losses are expected, particularly during the transition
between the dry and wet season. Their extent will depend on the amount of nitrate present in the soil and the speed of
change of the soil aeration status. Both lateral and longitudinal water and nutrient fluxes depend on geo-physical
attributes and land management. We determined the Nmin dynamics during the dry-to-wet season transition of 2014
(temporal N dynamics); (ii) quantified the effect of valley slopes to water and nitrate dynamics in the valley bottom
wetland (spatial N dynamics); and (iii) assessed the effect of slope contribution to crop production potential (N use) in
2014 in theNamulonge valley. At the same plots, soil greenhouse gas (CO2, CH4, N2O) measurements have been
implemented with static chambers and offline analysis of gas samples after transfer of air samples to Germany on a
regular basis.Preliminary analyses indicate that valley slopes contribute substantial amouts of water and nitrate by subsurface interflow. These resources, however, appear to contribute little to crop production as they appear mainly during
the transition period when no crop is in the field. This points to the need for alternatice crop management startegies to
enhance resource use efficiency in valley wetlands.
Animals as vectors: The effect of animals from pastoral communities have on nutrient inputs into the Ewaso Narok
swamp and subsequent changes in vegetation patterns and the amount digestibility of forage will be quantified along
gradients of disturbance (from the main access / watering points into the undisturbed swamp, using district statistics,
questionnaire-based surveys, soil and water chemistry parameters, vegetation samplings and both classical and isotopebased chemical analyses. The aim is to assess to what extent animals can act as vectors and which implications arice
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for resource base quality and the trophic level of the wetland. The activity is envisioned to start after completion of the
biodiversity inventories and the analysis of the socio-economic and ecosystem services surveys by end 2015.
Groundwater dynamics, water quality and public health: Groundwater dynamics and water quality at both super test sites
and their surroundings are investigated and the hydrogeological setting and water quality aspects around Ifakara are
being studied. A first hydrogeological mapping took place in May and June 2014. Two potential aquifers, a porous aquifer
in the sediments of the Kilombero basin and a fractured aquifer in the mountain range north of Ifakara were identified
(Figure 16). Groundwater flow paths identified based on measured groundwater level data in the field.
Two snapshot samplings of the different water types in Ifakara and its surroundings were carried out during the rainy and
dry season 2014. Some 54 samples of rivers, flooding waters and groundwater wells were taken. During dry season the
same points were sampled again. Weekly rainwater samples were taken since April 2014 and analyzed for their isotopic
18
2
composition (δ O and δ H). First results of the snapshot sampling of rainy season 2014 show a high spatial variability of
electrical conductivities in the area, especially for groundwater, indicating a complex hydrogeological flow regime.
Multivariate statistical analyses were used in order to evaluate water quality and identify flow patterns and different
hydrochemical processes in the area. A first conceptual hydrogeological modeling describing the hydrogeological setting
of the area and groundwater flow paths as well as hydrochemical reactions was developed. This conceptual model
represents the basis for further understanding and modeling of hydrochemical reactions, mixing processes and
groundwater/surface water interactions. The first set of water quality data was evaluated regarding human health and
agricultural production. Only two samples show a health risk related to the threshold for nitrate of WHO. All other
chemical indicators are below the thresholds and therefore are not harmful to human health in terms of inorganic
composition (Figure 16, Annex 2). Waters with lower water quality based on these anthropogenic indicators is found
beneath the city of Ifakara and in shallow wells in the north of Ifakara (Figure 18, Annex 2). In Uganda, a first basic
hydrogeological mapping based on official geological maps started in June 2014. During a drilling survey conducted in
transects across the wetland, two shallow confined wetland aquifers located in the alluvium of the valley could be
identified. A first sampling of the different water types was carried out in November 2014. Twenty five samples of
different water types were taken and analysed. Weekly precipitation samples for isotopic analyses are taken in
Namulonge since June 2014. To understand different mixing processes of shallow and deep groundwater and surface
water, monthly samplings of different water sources are carried out since November 2014.
Shallow groundwater/surface water dynamics at wetland scale: In the central field experiments at both super test sites,
the small-scale hydrological processes, surface/subsurface dynamics and water related ecosystem services are studied
at the wetland and the plot scale. The hydrological experimental sub-catchment covers an area of 12 km² with a defined
inlet and outlet of the main Namulonge valley stream and four transects including the pedo-hydrological situation upland,
fringe, mid-section and center section (Figure 20, Annex 2). The hydrological instrumentation includes two gauging
stations equipped with multiparameter probes, 24 piezometers with loggers, mobile soil moisture system and three
stationary soil water stations, covering all pedo-hydrological situations for selected hydrological treatments. For the
determination of the stage-discharge relation, flow velocity measurements are conducted at the inlet and the outlet of the
main Namulonge stream (Figure 21, Annex 2). The recording of water level, turbidity, precipitation and soil moisture time
series for the mobile system started in June 2014 and the stationary soil water stations were taken into operation in
September 2014. The hydrological instrumentation for the transect of the Kilombero floodplain and the embedded
Central Experimental Site will start with the beginning of the short rainy season in 2015.
Water balance and water availability at catchment scale: Hydrological interactions between wetlands and their
surrounding catchments are investigated (Figure 22, Annex 2 to apply a hydrological model on the catchment scale of
the two super test sites in Uganda and Tanzania, capable to simulate water and sediment dynamics. The analysis of
hydrological processes at the catchment scale requires a calibrated/validated catchment scale model for water, nutrients
and sediment transport in order to further model catchment-wetland interactions. Therefore the semi-distributed SWATmodel (Soil Water and Assessment Tool) running on daily timesteps is applied firstly to the Kilombero catchment, which
covers an area of 40240 km². SWAT is able to differentiate between different sub-basins in the catchment and considers
feedbacks between hydrosphere, pedosphere, biosphere and the atmosphere. Required input data with regard to soil,
landuse, climate and topography are derived from global and regional datasets with reliable certainty. A first model setup
sets has been applied to the Kilombero catchment (Figure 16, Annex 2). The model will be used to quantiy water fluxes
under future scenarios concerning climate change, land use change and diverse management options. The regional
scale results will serve as boundary conditions for smaller scale approaches within the project. The hydraulic model
HEC-RAS, driven by SWAT model results, is being applied to transects of the Kilombero River. Within three meetings a
cooperation for free sharing of hydrogeological, hydrological and meteorological data and further capacity development
was discussed and agredd with with the Rufiji Water Basin Board (RBWB) based in Iringa Tansania. . During a common
field campaign with the RBWO several transects of the Kilombero close to the hydrological transect of the overall project
have been measured with a mobile ultrasonic Doppler device (Q-Liner) and snapshot discharge measurements have
been conducted (Figure 23, Annex 2). For a visual monitoring of the inundation of the floodplain an automatic camera
has been installed taking daily pictures of a floodplain transect close to the river bank of the Kilombero River.
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3.3

Cluster B: Alternative options for wetland use

Current outputs from wetlands are far lower than their projected potential. Developing improved production methods that
increase yields while not compromising either the environment or human health is the key challenge of agricultural
research. Economic profitability, cultural acceptance and practical feasibility play decisive roles for the successful implementation of agronomic innovations. Priority research questions are: (i) at which so-far-unused wetlands can specific
crop use and intensification strategies be targeted?; and (ii) which site- and system-specific modifications in the agronomic management system can enhance productivity? Enhancing production appears possible by exploiting unused
wetland resources. Increases in productivity can be realized either by closing the yield gaps for key commodities or by
introducing new systems that result in higher land-equivalent ratios. Productivity gaps can be closed after identifying and
overcoming the yield-limiting factors. Integrated approaches persued in the project include the use of biological nitrogen
fixation, the synchronization of nutrient supply with crop demand, a temporary immobilization and conservation of native
soil N, novel crop rotations ensuring adequate access to and availability of input and credit, and the reduction of postharvest losses. Vegetables can contribute to the diversification of both income and local diets. Especially in environments
with good market access, vegetables grown in wetlands already contribute to income and food security. Sustainable
production systems must aim at maintaining soil productivity through the use of appropriate soil fertility management
strategies and reduced tillage systems. Likewise, the conservation of biodiversity and the enhancement of ecosystem
services are key factors for long-term sustainable wetland uses.

WP B1: Testing and modeling of alternative management options
Abstract: This WP develops adapted land use options, thus providing the inputs for the decision toolbox developed in
WP C3. The proposed strategies are based on the yield gap surveys and (WP A2) and on nutrient balance models (WP
A5), applying the concept of eco-intensification. Options for cereals will focus on soil C and N and on crop management.
Options for high quality vegetable production will focus on integrated approaches to tomato and cabbage cultivation.
Physical and biological approaches to reduce losses and conserve product quality will be comparatively assessed during
harvest storage and transport. A model-based evaluation is expected to enable the formation of conclusions about the
different management scenarios with regard to productivity, resource base quality and provision of services.
Objectives: This work package assesses agronomic management options that counteract key production constraints,
optimize production strategies, and evaluate those in a wide range of environments, integrating the findings into a
modeling framework. The main aims are (1) testing improved management options for rice and maize; (ii) optimising
growing systems for vegetables, and (iii) modeling alternative technical options.
Activities and key findings
Testing improved management options for rice and maize: The activities focus on assessing yield gaps as well as on
comparing different fertilizer strategies (mineral versus organic) and production intensities for rice and maize. Fields trials
are carried out in Namulonge (starting August 2014) and Ifakara (starting February 2015), each at three different
hydrological zones or toposequence positions (Table 3, Annex 1). The results are expected to contribute to agronomic
recommendations for sustainable use of wetlands and to improved food security. At Namulonge ten different treatments
were established in 2014. Rice (Nerica 4) was sampled for dry matter accumulation and nutrient uptake at 28, 56 & 84
days after transplanting and harvested in December 2014. A provisional yield evaluation indicates large and significant
-1
yield gaps. While the current farmer practices (no bunding or external input use) produces <3 t ha , irrespective of the
position in the valley, intensive management with mineral fertilizers lead to more than a doubling of the yield in the moist
middle and center positions. Green and animal manure application tend to increase rice mainly in the marginal fringe
positions (Figure 24, Annex 2). The maize trial started in September 2014. An additional field trial comparing different
green manure species was established in October 2014. The three experimental sites (toposequence positions) in
Tanzania were establishment in December 2014 (Figure 25, Annex 2). In addition to different intensification and
diversification options, process studies are conducted, partially under controlled conditions, assessing a genotype-based
management of iron toxicity. Particularly in the valley swamps of Rwanda, excess availability of reduced iron in soils and
soil solutions affect rice yields. Two prototypic situations of iron toxicity have been compared, comprising pulse stress
with large iron concentrations along the valley fringes at the onset of the rains, and chronic stress with moderate but
sustained iron concentrations in the valley center. Different crop adaptation mechanisms and hence different genotypes
may be required to address these diverse expressions of iron toxicity. Preliminary findings show that among the available
genepool both tolerant and sensitive genotypes can be identified (Figure 26, Annex 2) but also that different genotypes
will be required for the two iron stress situations. Field validation trials are planned for Rwanda in 2016.
Optimizing growing systems for tomatoes and other vegetables: Tomato production in Uganda is limited mainly by biotic
constraints, including bacterial wilt (Ralstonia solanacearum) and tomato blight (Phytophthora infestans). Tomatoes are
also sensitive to soil O2 deficiency, which may limit the production particular in the rainy seasons. Grafting technique and
adequate cultivar choice combined with manuring may help to increase and stabilize crop productivity. Two field trials
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were established in the beginning of the wet season in September 2014 at Namulonge along the wetland fringe as well
as on an upland site (control) using three different tomato cultivars. A range of crop growth and health parameters are
being assessed since October 2014. While the local varieties were not able to resist to bacterial wilt and tomato blight,
two improved varieties bred by the World Vegetable Center (AVRDC) showed resistance to bacterial wilt.

WP B2: Environmental effects of alternative options
Abstract: Practices associated with agricultural wetland uses include soil drainage and tillage, and other crop and soil
management approaches that differentially affect resource availability and resource base quality in different wetlands.
The environmental impact of alternative management options will be quantified, including changes in hydrological
processes, groundwater availability and water quality, soil C and N stocks and nutrient status, and soil trace gas
emissions as sustainability indicators. The results will be used for model calibration and validation and will be fed into the
central database as a basis for defining social-ecological niche environments, up-scaling, and policy recommendations.
Objectives: Within this work package the environmental impacts of alternative management options is quantified in
terms of hydrological and hydrogeological processes, water quality, soil C and N content, and nutrient and gas fluxes,.
The study sites will be determined on the basis of the outcome of the different characterization exercises (all WPs in
Cluster A). Selected options will be based on their comparative assessment and closely linked to the socio-economic
assessment.The following specific aim will be pursued: (i) impact of management options on hydrological processes and
water-related ecosystem services, (ii) effect of management options on water quality and public health, (iii) quantification
of changes in C and N stocks and soil nutrient status, (iv) quantification of trace gas fluxes as sustainability indicators.
Activities and key findings
Management effects on hydrological processes and water-related ecosystem services: The impact of current land
management on soil water availability and soil physical properties is quantified in the ongoing field campaign
investigating shallow groundwater/surface water dynamics at wetland scale in Tanzania. In Uganda, soil samples have
been taken for all ped-hydrological situations for determining texture, bulk density and saturated hydraulic conductivity.
Effect of management options on water quality and public health: Wetlands play a crucial role in the supply of potable
water for local populations. This WP seeks to link wetland agriculture and health in a local cultural context, thereby
incorporating the emic understandings of health, disease and healing. Furthermore, political ecology approach will study
interactions between environmental, social, economic and political processes in relation to health starting 2015
Quantification of trace gas fluxes as sustainability indicators: Wetlands can act as sink or source for greenhouse gases.
On the one hand, the high primary net production of organic matter in combination with low decomposition rates under
anaerobic conditions lead to increased rates of organic matter accumulation and carbon sequestration. Thus, wetlands
are known to be sinks for carbon which results in reduced carbon dioxide emissions. On the other hand, high rates of
microbial activities can also lead to increased trace gas productions. To estimate the fluxes of carbon dioxide, methane
and nitrous oxide from agriculturally used and natural wetland areas, static chamber measurements have been
implemented in Namulonge in September 2014 and are currently being implemented in Ifakara (Tanzania). In addition,
the LICOR Li8100A System will be used as reference for the observed CO 2 fluxes and for covering the spatial variability
of soil respiration fluxes. We investigate the different greenhouse gas fluxes of diverse agricultural treatments in
comparison to emissions from undisturbed wetland areas. Figure 27 (Annex 2) shows a preliminary summary of the
greenhouse gas data collected between September and December 2014 at the central field trial in Namulonge.

WP B3: Economic analysis of alternative (wet-)land use options.
Abstract: We assess alternative in comparison with current land use options under specific economic and institutional
conditions. Farm-household models with an explicit representation of agricultural technology in bio-economic submodules are specified. The modeling approach shall employ behavioural assumptions for the main users and take into
account relevant institutional constraints and interactions, including the market environment. The economic assessment
of management options will yield site-specific recommendations and quantify their effects on the actors involved.
Objectives: Overall, the work package aims to assess alternative land use option in comparison with current land use
under differing natural, economic and institutional conditions using integrated agent models. Activies aim to (i) identify
relevant agents and conceptualize behavioural models; (ii) Implement behavioural models for agents and calibrate the
status quo; and (iii) Implement alternative management options in model formulation and scenario analysis.
Activities and key findings
The conceptualization of the economic modeling concept and its implementation are in progress.
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3.4

Cluster C: Integration and Scenarios

Comprehensive information about biophysical and socio-economic attributes of different wetland types, their key ecophysiological functions, management in distinctive socio-economic settings, ecosystem services, and potential for
agricultural production are collected, stored and centrally managed in the data base facility. Data are gathered by the
inter-linked projects of cluster A, all of which are aimed at understanding the functioning of wetlands from different
disciplinary points of views. Options for improved or alternative crop management and their environmental and socioeconomic effects are assessed in cluster B based on insights gained from cluster A. Transforming knowledge of these
different information sources into models for scenario calculations and regional up-scaling requires the application of
systems analysis. Relations between different functional aspects of systems are commonly established at a high level of
abstraction using statistical and mathematical modeling techniques, and then interlinked using model-based reasoning
and scaling. The resulting model is commonly simpler than the original sub-model formulations, which is advantageous
for the following process of scenario analysis, which forms the basis for policy recommendations and practical decision
making.Three interlinked projects are required to reach these goals including the provision of (i) a spatial explicit
database infrastructure for the collaborative research, including access to external information sources from East African
wetland databases; (ii) global change scenarios; (iii) a coupled wetland model, and scenarios for regional up-scaling.

WP C1: Data infrastructure for the project/Integrative database
Abstract: This work package is dedicated to provide a geodatabase infrastructure, data management tools for different
users, and a web-interface for scenario analyses needed for policy advice and decision support. It maintains consistency
between various data sources and assures technical and semantic inter-operability. The database and tools are
established at the GIS center of Makerere University and are mirrored in all participating countries for rapid data
processing. The repository will be accessible by different user groups. The presentation of data for scenario analyses
and decision support is based on state of the art web technologies
Objectives: (i) Operationalization and management of geodatabase; (ii) Interfaces for models and clients; and (iii)
Creation of a digital terrain model (DTM) for supertestsites.
Activities and key findings
Operationalization and management of geo-database: A cetral data server has been established at the Makerere
University in Kampala. The data base structure is established, operational and ready to receive geo-data. The user
interface is available and can be accessed via the GlobE-Wetlands web site.
Development of database standards: A high performance computer server and a NAS system with 10TB storage
capacity were installed at the Crop Science Department of the University of Bonn and configured for virtualization. The
server is used for various computing tasks such as crop-ecological, hydrological and economical modeling or remote
sensing analysis. A second virtualized server was set up at the GIS Centre of Makerere University, Kampala. Four virtual
machines were developed based on the Ubuntu operating system and are mirrored on the server in Bonn. The wetland
database cluster was populated with free and open East African datasets such as geonames, population data, road
network and rivers, river basins, and multilevel administrative boundaries. UTM-grid and NASA World Reference System
(WRS2) datasets are also available along with with footprints of Landsat scenes. The upload of the recently released
30m SRTM data (Digital Surface Model) is ongoing. A prototype meta-database was created using UML diagrams and
an Entity Relationship Model. A detailed list of data colleced by each individual researcher is associated with information
about geographical locations and researcher identifyers. An ACCESS database for offline data entry was also
developed. The geodatabase for storing research datasets from all subprojects is prepared. First results become
available in January 2015
Prototype interfaces: An ACCESS-tool for retrieving database structures from ACCESS tables was developed to
populate the meta-database. SQL-queries for capturing the data dictionary of the PostgreSQL database were written and
will be included in a meta-database management tool. The current prototype visualizes addresses, communication infos,
research descriptions, research states and provides a detailed list of planned research data. Incorporating the metadata
client in a content management system (Drupal) is an ongoing activity.
Creation of a digital terrain model (DTM) for super test site: DEMs are currently being derived from the first flight
campaign data as well as from other remote-sensed data sources. A Digital Elevation Model (DEM) is a digital
representation of the earth´s surface. Some of the uses of a DEM include terrain correction of satellite imagery where
effects of terrain are removed in preprocessing of the images. We used an Unmanned Aerial Vehicles (UAVs) operating
at a flight altitude of 370m above ground and with an average groundspeed of 65 km/h. This configuration enables the
derivation of photos with a spatial resolution of 10cm and an overlapping of the adjacent images of more than 80%. Due
to this high overlapping rate a Digital Surface Model (DSM) (Figure 28) could be calculated resulting in a A high
resolution DEM. We generate a high resolution DEM of the Ifakara from the flight campaign in September 2014
14
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combining campaign photos, differential GPS data and error assessments. The generation of a high resolution DEM for
Namulonge is on-going, using ASTER, SRTM and GPS data. Beside the flights in Tanzania a campaign at Ewaso Narok
test site in Kenya was carried out using a manned ultra light aircraft. The images were merged with GPS data from the
GPS track and stitched to a photomosaic. In November 2014 we started the preparation of a Workshop on
“Environmental Monitoring Using UAV-Systems” to take place in Ifakara, Tanzania August/September 2015.

WP C2: Global and regional change scenarios
Abstract: WP C2 develops qualitative storylines and associated quantitative drivers of scenarios of Global Change at
regional, catchment and wetland scales. The quantification of observed climate variability and the downscaling of future
global climate variability down to the wetland scale will also be conducted.
Objectives: The objectives are pursued at regional, catchment and, if possible, at wetland scale, and include: (i) Past
climate variability and change: Quantification and causes; (ii) Projection of regional climate change; and (iii) Generation
of qualitative storylines and the quantification of drivers for two global change scenarios.
Activities and key findings
Past climate variability and change: Quantification and causes: The analysis of the past climate variability and change
requires the access to historical atmospheric observations. For this reason, an extensive data search was undertaken
(Figure 29, Annex 2). The Rwanda Meteorological Agency provided atmospheric observations from weather stations in
Rwanda. Regarding the access to meteorological data from Tanzania, a memorandum of understanding was signed
while negotiation for a similar memorandum with the Kenyan Meteorological Department are still on-going. Station data
providing long-term data sets of at least 30 years have been investigated in terms of rainfall trends. The indices used
consider changes in total rainfall, dryness, rainfall intensity and the occurrence of rainfall extremes. The long rains (i.e.
March-April-May rains) reveal variable trends, while the short rains (i.e. October-November-December rains) mostly tend
to rise. The year-to-year temporal variability is quite high in the region (Fig. 30). Various connections to remote
A better
understanding of the physical nature of precipitation events and their relationship to so-called Convectively Coupled
Equatorial Waves (CCEWs) has been studied. Moreover, the effect of spatial and temporal variability of the Mascarene
high-pressure system on the variability of East African rainfall during the long rains has been investigated. It was found,
that the core pressure and position of the Mascarene high-pressure system influences the temporal and spatial
distribution of rainfall.
Projection of regional climate change: Preliminary regional climate model runs using the COSMO-CLM (COnsortium for
Small-scale MOdeling-CLimate Model) have been made in order to find an appropriate configuration for future
experiments. Studied were the future climate change and its impacts from the “Turn down the heat” report of the World
Bank by the Potsdam Institute for Climate Impact Research and Climate Analytics and the Fifth Assessment report of the
Intergovernmental Panel on Climate Change. The rainfall decrease of the long rains might be due to an increase of Sea
Surface Temperatures and an intensified descending branch of the Walker Cell over East Africa (Figure 31a, Annex 2).
Consequently this would lead to more stable atmospheric conditions and a lower frequency of deep convection such as
thunderstorms during the long rains. With regard to the short rains, it is likely that the Indian Ocean Dipole increases the
easterly wind anomalies over the Indian Ocean, resulting in higher rainfall over East Africa (Figure 31b, Annex 2).
Generation of scenarios and storylines: Scenarios of the potential future development of wetlands are needed for
quantifying the impact on wetlands and their ecosystem services. Analysing the impacts will give hints on how
biodiversity, ecosystem services and carbon sinks of the wetlands can be preserved while increasing food production. A
road map with regard to the construction of scenarios and storylines was set up during the first two scenario
development meetings (Figure 32, Annex 2). Storylines and scenarios are being developed in close cooperation with
partners from East Africa.

WP C3: Scaling
Abstract: The application of integrative modelling and scaling approaches is required to understand and characterize the
complexity of wetlands at different levels of system organization. Boundary conditions describing the physical, biological,
and socio-economic conditions in the vicinity of wetlands must be clearly quantified for this purpose. The following
scaling process is aimed at understanding and quantifying the interrelation between wetland constituting system
components. This workpackage has thus a strong integrating character. A resulting wetland model will be used for
generating scenarios based on scientific insight of the project. These will be made available through a dedicated webservice for practical decision support and policy briefing.
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Objectives: The overall objective of this project is to provide an integrated wetland model and scenario simulations for
regional up-scaling conducted in cluster D. Following activities are required to reach this goal: (i) Establishing boundary
conditions; (ii) Scaling from plot to wetland; and (iii) Wetland use scenarios.
Activities and key findings
Activities related to model integration and scaling were started in September 2014 at an early project stage to ensure that
there are no conceptual gaps when the models are actually coupled and scaled in 2017 and 2018. Introductionary
exchanges with individual projects were held in autumn 2014 for getting a comprehensive update of research questions
and hypotheses actually addressed within the GlobE Wetland consortium. A modeling questionaire was formulated
based on these talks, distributed and answered by all project members in December 2014. It immediatly became
apparent that quantitative and qualitative research and model approaches must be harmonized during the course of the
project which poses a major technical challenge. A modelling group was formed for this purpose which will meet on a
routine basis during the course of the project. Conceptual planning of modelling activities commenced in February and
March 2015 during two model brainstorming meetings. Conclusions of the ongoing discussions will be presented in next
years's progress report. A prototype wetland model will be developed in 2015 in close cooperation with all participating
partners.Automated weather stations were installed by WP C3 in 2014 at the experimental sites in Ifakara and Rumuruti.
The existing station in Namulonge was checked, cleaned and upgraded with a communication module. Another station
will be installed at the Rwandian research sites in April 2015. Automated data transfer to the central server could not be
established yet due to compatibality problems of telecommunication services. These problems are currently solved.
Therefore, data are currently downloaded manually and distributed within GlobE-Wetland on request.
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3.5

Cluster D: Extrapolation and recommendation

Land use trends and suggested future wetland use scenarios need to be targeted at specific sites or translated into
policy recommendations. This implies the definition of social-ecological extrapolation domains for technical options and
the extrapolation of future wetland use options to the national/regional scale. Translating local-scale knowledge into
policy advice on diverse scales requires the use of regionalization techniques. The DPSIR concept (Wood and van
Halsema, 2008) will be applied to analyze Drivers (human needs), Pressures (human activities to fulfil needs that stress
the environment), States (changes in the condition of the environment), Impacts (effects of a change in state on
ecosystem services), and Responses (reactions to losses of ecosystem services) of current wetland use. Even though a
major focus of this program is that of food provision, both ecosystem health and public health must also be considered,
as intensifying wetland use may result in increased risk to human health. To answer the question of whether wetlands
can contribute to food security, a balance between food demand and actual, as well as potential, food provision at
different scales is required. Food insecurity is caused by bio-physical constraints such as water availability, climate,
technological constraints such as fertilizer availability, and educational constraints such as lack of knowledge about the
sustainable use of wetlands, as well as various socio-economic constraints. Cluster D aims to translate and transfer
knowledge gained at the wetland/catchment scale to decision-makers at policy level at the regional/national scale. It will
use methods and results obtained at the test sites and link them with existing approaches for evaluation of sustainable
use of wetlands. This cluster is organized into five work packages, which are closely interlinked, reaching from plot-and
system-based targeting of technical options over various scaling activities to policy advise.

WP D1: Social-ecological niches
Abstract: Wetlands present a large heterogeneity of socio-economic and agro-ecological conditions for agricultural uses,
which results in unique, niche-like production environments. These socio-ecological niches describe a multidimensional
environment for which compatible technologies can be predicted. We postulate that only the matching of technologyspecific input requirements with system-specific attributes and expectations will improve the adoption of technology
options for sustainable wetland uses and result in tangible improvements of rural livelihood.
Objectives: Based on field agronomic experiments, regional surveys and multivariate statistical approaches, we will
determine resource requirements and performance attributes of technology options, match technology attributes with
characteristics of the social-ecological systems, establish a fit-matrix, and map the target environments for the major
wetland types: (i) Synthesis and normalisation of data; (ii) Statistical matching; (iii) Spatial-temporal extrapolation
Activities and key findings
This activity will start only after the analysis of the first two years of data from yield gap and technology testing trials at
the super test sites in 2016. Production information will be matched with household economic information to derive the
potential gains of selected technology options for a given biophysical environment and to match the site-specific
availability of production factors with technology-specific requirements.

WP D2: Human health impact
Abstract: This work package studies the relationships of public health aspects and wetland ecosystems. Health impact
assessments are carried out covering physical, mental and social health aspects in relation to different wetland types.
One of the outputs will be guidance on how to implement theoretical concepts of health impact assessment in wetland
settings. The results will be used to establish links to studies on adaptation and coping with global change, and as
background information for the development of awareness-raising campaigns.
Objectives: The research will deliver an understanding of health aspects associated with wetland ecosystems: (i)
develop a tool for health assessment; (ii) assessment of physical health aspects; (iii) assessment of mental and social
health aspects; (iv) wetland malaria risk assessment; and (v) guidance for health-sensitive wetland management.
Activities and key findings
Increased use of wetlands has implications on the health of wetland users, who may on the one hand be exposed to
different water-related health risks, on the other hand, may benefit from increased food security and improved food
quality (i.e., vegetables). We develop tools for a health impact assessment (benefits and risks), differentiated by user
types and environmental conditions in wetlands. The tool will provide information about the health impact of different
wetlands and uses in the form of a checklist, and can serve to guide decision-making (Table 4, Annex 1). A review of
published literature of the last ten years about the occurrence of schistosomiasis in the four project countries was
compiled. It covers published prevalence rates, the ecology of the parasite, research institutions and measurements in
place for the prevention and control of the disease in the region.
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Activiets in Kenya focus on physical health aspects. The work started in Nov. 2013 and is expected to be completed in
November 2016. Physical health risks related to wetlands include different types of water-related diseases, such as: (i)
water-borne diseases, (ii) water-washed diseases, (iii) water-based diseases and (iv) vector-related diseases that can
impair the wetland users´ productivity. The relationships between water, ecology and determinants of health can be
observed from a “Nexus” perspective. Further work supporting the assessment of physical health aspects is carried out
in cooperation with the Ifakara Health Institute in Tanzania. In 2014 a MoU was signed and the senior researcher Dr.
Jacquie Thomas co-supervised the Master thesis entitled: „Water, Sanitation and Hygiene Assessment of Temporary
Settlements in the Kilombero Floodplains, Tanzania“. During the field work farmers in villages surrounding Ifakara were
surveyed with respect to their water supply, sanitary situation and water-related, self-reported diseases. Farmers that
had a field in the floodplain and reported to stay temporary overnight in those fields were included in a second survey,
taking place during those field stays. The results showed that the wetland farmer spend a considerable amount of time in
their fields during the year. Overnight stays range from few days to several weeks. While the water supply in the villages
is generally good (87%), in the fields, only 17% of the farmers have access to an adequate supply. The situation worsens
for the sanitary infrastructure. In the villages 20% of the households have access to an improved sanitary infrastructure,
according to the WHO/UNICEF definition, in the fields this figure declines to 1%. While 2% of the households in the
villages reporte to practice open defecation, the number rises to 67% during the field stays. The prevalence for selfreported diarrhea doubled during these temporary field stays. This significant increase could not be explained by a lack
of sanitation alone. In fact, the prevalence for diarrhea was increased for those farmers having a latrine at their fields,
while those praticising open defecation showed no higher risk of acquiring diarrhea. These apparently contradictory
results are currently being further analyzed and discussed and are expected to be validated in 2015..
In Uganda, we investigate the impact of wetlands on mental health and well-being since late 2014. Places of settlement
might give identity or have the function of healing people. Furthermore it can be harmful to people´s mental health, if
access to the respective places is denied to establish national plans of environmental protection. Thus, an integrated
environmental management does not only conserve resources, but may also contribute to an increased collective wellbeing. A catalog of potential environmental factors influencing mental health and place-based well-being is being
devised. It will be tailored to the local characteristics of the environment by including the results of group discussions with
wetland users. An addtitional cross-sectional study will provide an overview of the status quo, while the factors of
wetlands influencing place-based well-being and mental health will be verified by a case-control study. Finally, the
qualitative data from participant observation, group discussions and idividual interviews will inform on on the collective
and individual well-being and place bonding concepts.

WP D3: Quantification of wetlands in space and time
Abstract: Wetlands are diverse and potentially highly productive ecosystems. While awareness of the manifold values of
wetlands is increasing, transformation processes - as triggered predominately by population growth and climate change modify and convert wetlands in unprecedented ways. By combining multi-temporal datasets from different radar and
optical satellite systems, actual, recent-past and future wetland areas and uses are being classified. Understanding past
and current land use change scenarios and their driving factors will allow projections of future wetland use scenarios,
thus guiding scaling activities and policy advise.
Objectives: Building on the knowledge of the natural and human-induced characteristics of wetlands, and on the
understanding of the fundamentals of microwave remote sensing, it is assumed that microwave sensing offers the
opportunity to detect wetland areas. Based on the complex heterogeneity and seasonality of study wetlands in the four
target countries, it is expected that the combination and integration of different sensors operating at different wavelengths
and spatial resolutions will enhance the spatio-temporal quantification of wetland areas with improved accuracy. The
main aims are (i) the delineation of wetland areas; (ii) the classification of land-cover and land-use; (iii) the performance
of multi-temporal reconnaissance flights; and (iv) the development of a land-use / land-cover change models.
Activities and key findings
Wetlands’ wise management requires knowledge about their locations and sizes. While people on the ground might be
aware of their valuable resource base, institutional stakeholders need a quantitative spatial knowledge base. These
requirements can be met by remote sensing data and techniques as they contribute on different spatial scales and
resolutions by providing spatial explicit knowledge.
Regional wetland map: Spatial knowledge about wetlands, i.e. their locations and extents, is crucial for extrapolation of
results from field studies and the quantification of ecosystem services. We will develop a regional wetland map by the
application of multitemporal, multisensor remote sensing data and relevant land surface classification techniques. In
2014, wetland ground data have been obtained during the typology field tour (Leaf Area Index & Fractional Vegetation
Cover). A Leaf Area Index (LAI) acquisition method comparison, optimization and calibration exercise was conducted.
Different LAI measurement methods (indirect and destructive) were compared in a heterogeneous maize field. In the
course of postprocessing, a fisheye-system (Nikon D3200 camera) was calibrated which the use of a fully functional all18
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in-one solution for future LAI measurements. Several satellite datasets were acquired / downloaded from archives, and
basic preprocessing was conducted for bi-monthly MODIS NDVI/EVI (Figure 33; Annex 2), for 10-daily inundation
(NASA Jet Propulsion Laboratory), and for monthly RapidEye data. A review article analyzing 244 scientific journal
articles and monographs was submitted concerning (1) how wetlands are defined and (2) which (remotely sensed)
wetland maps or inventories are available for the project region (Figure 34, Annex 2). The availability of wetland maps for
the region was analyzed on the global, the continental (African) and the national scale. An analysis on the national scale
shows that the four project countries have different qualities of geospatial wetland information available (Figure 35). The
review shows that no adequate, up-to-date or validated wetland map is currently available.
Multi-temporal and multi-polarized SAR images: Microwave imagery has all-weather ability and is independent from solar
irradiation. The microwave region is used in soil moisture estimation due to its unique response to dielectric constant
which is related to presence of soil moisture for floodplain delineation and differentiation. The objectives of the research
include delineating and differentiating the Ifakara wetland using multi sensor datasets and retrieving the soil moisture
using a semi empirical model. The proposed data sources to be used are TerraSar X or RadarSat II images, UAV photos
and Rapid Eye images. SAR and optical image fusion will be carried out to improve the visual appearance of the SAR
image. The backscatter recorded by the sensor is a function of soil moisture, vegetation and surface roughness. The
backscatter due to vegetation will be obtained from vegetation indices whereas that due to surface roughness will be
obtained from inversion of physical models such as the Integral Equation Model. Radar derived soil moisture will be used
to calibrate and test a Soil Vegetation Atmosphere Transfer model to study tmodel accuracy and applicability for retrieval
of moisture at higher temporal resolutions over the tropical wetland study site.

WP D4: Regionalization of sustainable wetland use
Abstract: Policy advice concerning the sustainable use of wetlands requires regionalization of the findings from the test
site studies to the national scale. Due to scale-dependent data constraints, this can only be performed by a change in
model concept. Biophysical as well as socio-economic aspects have to be considered, based on the Driver-PressureState-Impact-Response (DPSIR) framework. The overall aim of this work-package is to develop a methodology for
recommending wetlands to be used for food production in a sustainable way at the regional/national scale.
Objectives: Based on knowledge and data at wetland and catchment scales combined with statistical modelling, we will
develop a methodology to identify and map wetlands at the national scale, which can be used in future without
deteriorating ecosystem services. A multi-criteria analysis based on the DPSIR concept will be developed to quantify
current impacts of wetland use depending on drivers and pressures. The outcome will provide (i) the actual wetland
status; (ii) the potential wetland food production; and (iii) the future wetland potential under Global Change.
Activities and key findings
This activity will start after the completion of the wetland typology (A1), the first assessment of ecosystem services (A4),
and technology evaluations (B1), and the digitalization of wetland use maps (D3).

WP D5: Policy Advice
Abstract: Translating research results into effective problem-solving actions is a challenge for both researchers and
policy makers. Agricultural research results communicated conventionally in scientific publications have often failed to
make the desired impact. Decision makers must be involved at the early stages of research planning and research must
be packaged both for decision-makers at policy level and for practitioners into summarized and simplified messages.
Translating research results into effective and compelling messages does not only involve the interpretation of results for
“non-experts”, but also incorporate considerations for anticipating and overcoming obstacles to policy reform and
implementation. Policy-makers were involved in the formulation of the aims and objectives, and the results generated in
the work packages on wetland characterization, sustainable use options and scaling issues will be communicated in
workshops and awareness campaigns, and findings are compiled into policy briefs and delivered to decision-makers.
Objectives: We establish an understanding of the current policy frameworks regarding wetland use within the political,
economic and social settings of the four study countries, and develop a policy advice framework for the effective
implementation of research results.
Activities and key findings
Cross regional policy assessment: The activity will start after the recruitment of a policy economist from Rwanda in late
2015.
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3.6

Cluster E: Capacity-building

The sustainability of the planned research on wetlands potentially becoming the future food basket of East Africa
requires a participatory approach and a set of capacity-strengthening measures to deeply root the knowledge generated
within the wetland project. Capacity-building / -strengthening measures include well-targeted investments in education
and training to bolster scientific capacities and communication approaches that foster better interaction of scientists and
practitioners and with the policy communities. Definitions of capacity-building (often refereed as capacity development or
capacity strengthening) vary widely. Cluster E aims to (i) strengthen the research and development capacities of the
African partners, (ii) expand and strengthen North-South as well as South-South networks (pooling already existing
structures), and (iii) implement findings and easy-to use decision tools at field, community and national levels.

Cluster E: Capacity-building
Abstract: The prerequisite for a sustainable implementation of the research findings on a wise use of wetlands is a
sound and well-targeted multi-level capacity-building. We aim to build a regional expertise on wetland-related issues,
serving as a nucleus for a long-term engagement in food security research, beyond the four target countries and beyond
the life span of this project. Besides the academic education of students, we will implement knowledge- and skillenhancing measures (i.e. field schools), also for other stakeholders. Workshops and conferences will address scientists
from other African countries as well as international parties from research, policy and development.
Objectives: Capacity-building aims to deeply root the knowledge generated within and beyond the target region by the
following measures: (i) strengthening the African Academia; (ii) enhancing knowledge and skills of stakeholders; and (iii)
implementing knowledge, tools and policy briefs in the wider community.
Activities and key findings
In total 14 Masterstudents (67% with African nationality) and 21 PhD students (40% with African nationality) have been
affiliated to the project in 2014. For 8 MS and 1 PhD student, external funding could be secured. With high numbers of
student applications from East Africa having been received in the last two months of 2014, the number of African
students affiliated to the project is expected to be increased in early 2015. Table 5 (Annex 1) lists the project students
with WP affiliation, name, envisioned academic degree, source of funding, and focal country.

4.

DELIVERABLES AND MILESTONES

Nearly all milestones for 2014 have been accomplished. Despite some delyas in setting up the infrastructure in some
target countries, and a late start of the central field experiment in Tanzania, we expect to reach the envisioned
milestones also for the coming years. Information on single milestone achievments will be provided in the evaluation
st
report in 2015. Beside the milestones, publications are seen to be a major outcome of the project. Until 31 December
2014, our research activities have yielded 1 scientific journal publication, 3 presentations and 4 posters at international
conferences and one guide book. Details of titles and authors are presented on the project website.

Bonn, 26. April 2ß15

Mathias Becker

Bernd Diekkrüger
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ANNEX 1: Tables

Table 1:

List of treatments compared in the central experiments at the super test-sites in Namulonge, Uganda (inland
valley) and Ifakara, Tanzania (flood plain). Treatments comprise unused plots (reference), plots related to
yield gap analysis, and those to compare different cropping intensities and alternative crop management
strategies.
Treatment / Study

Rice Namulonge

Maize Namulonge

Rice Ifakara

Reference

1

Recovery study (initial
tillage, no cropping)

Natural vegetation

Natural vegetation

Natural vegetation

Yield gap

2
3

Yield gap baseline
Yield gap due to bunding
(rice) / weeds (maize)
Yield gap due to N
Achievable yield in single
crop system

No bunding/levelling, no mineral N
Bunding, no mineral N

One hand-weeding, no mineral N
Weed-free, no mineral N

No bunding/levelling, no mineral N
Bunding, no mineral N

Bunding, 60 kg urea-N/ha
Bunding 120 kg urea-N/ha + 60 kg PK
+ suppl. irrig.

Weed-free, 60 kg urea-N/ha
Weed-free 120 kg urea-N/ha + 60 kg
PK + suppl. irrig.

Bunding, 60 kg urea-N/ha
Bunding 120 kg urea-N/ha + 60 kg PK
+ suppl. irrig.

6

Green manure

7

Maximum organic (single
crop)

Bunding, no mineral N, pre-rice
Sesbania
Bunding, pre-rice GM, compost

Weed-free, no mineral N, pre-maize
mucuna
Weed-free, pre-maize GM, compost

Bunding, no mineral N, pre-rice
Sesbania
Bunding, pre-rice GM, compost

8

Intensive production

Bunded double crop, no N

Weed-free maize double crop, no N

9

Achievable yield in double
crop system

Bunded double crop, 120 kg mineral
N/ha + 60 PK + irrig.

Weed-free double crop, 120 kg
mineral N/ha + 60 PK + irrig.

Bunded rice plus post-rice
Stylosanthes
Bunded rice, 60 kg N; post-rice
maize, 60 kg N

10

Maximum organic (double
crop

Bunded double crop,pre-crop GM,
farmyard manure

Weed-free maize double crop, green
and farmyard manure

4
5

Alternative

Intensive

Intensive /
alternative

Bunded rice plus GM + maize + FYM

Table 2: Summary of selected soil attributes collected during thethe monitoring tour in 2013 in136 key wetland
environments in Kenya, Ruanda, Tanzania and Uganda.
-3

-3

Country

C [kg m ]

N [kg m ]

K [mg kg-1]

Kenya

46.3 ± 37.2

3.5 ± 2.2

444.1 ± 210.3

Ruanda

18.0± 13.5

1.7 ± 1.2

62.0 ± 48.0

Tanzania

13.0 ± 8.0

0.7 ± 0.5

42.5 ± 30.5

Uganda

37.0 ± 40.9

2.8 ± 3.0

95.3 ± 117.5

1
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Table 3:

Time sequence and layout of cropping system options in the central experiments at the super test-sites in
Namulonge, Uganda and Ifakara, Tanzania.
2014
Jul Aug Sep Oct Nov Dec

Jan

Long wet season

2015
Feb Mar Apr May Jun Jul

Long DS

Short wet season

Aug Sep

Short DS

Oct Nov Dec

Long wet season

Jan

2016
Feb Mar Apr May Jun Jul
Short wet season

DS

Aug Sep

Short DS

Oct Nov Dec

Long wet season

Jan

2016
Feb Mar Apr May Jun Jul

Long dry season

Short wet season

Short DS

Aug Sep

Oct Nov Dec

Long wet season

Jan

2018
Feb Mar Apr May

Long dry season Short wet season

RICE (inland valley)
Reference

Natural vegetation
1
2
Rice unbunded - N
3
Rice (bunded) - N
4
Rice + 60 kg N
5 Rice + 120 N+PK + irrig.
6
Rice - N
7
Rice - N
8
Rice - N
9 Rice + 120kg N+PK + irrig.
10
Rice - N

Yield gap

Alternative
Intensive

Natural vegetation

Natural vegetation

Rice unbunded - N
Rice bunded - N
Rice + 60 kg N
Rice + 120 N+PK + irrig.
Pre-rice GM
Rice - N
Pre-rice GM
Rice + org. M
Rice - N
Rice - N
Rice + NPK
Rice + NPK
Leg
Rice + org. M
Rice + org. M

Pre-rice GM

Natural vegetation

Rice unbunded - N
Rice bunded - N
Rice + 60 kg N
Rice + 120 N+PK + irrig.
Pre-rice GM
Rice - N
Pre-rice GM
Rice - N
Rice - N
Rice - N
Rice + NPK
Rice + NPK
Leg
Rice + org. M
Rice - N

Pre-rice GM

Pre-rice GM

Rice - N
Rice - N
Rice - N
Rice - N
Pre-rice GM
Rice - N
Pre-rice GM
Rice - N
Rice - N
Rice - N
Rice + NPK
Rice - N
Leg
Rice + org. M
Rice - N
Residual effects

Nat veg revovery

MAIZE (inland valley)
Reference

Natural vegetation

1
2
3
4
5
6
7
8
9
10

Yield gap

Alternative
Intensive

Natural vegetation

Maize + weeds - N
Maize - weeds, - N
Maize + 60 kg N
Maize + 120 N+PK
GM legume
Maize - N
GM legume Maize+ org. M
Maize - N
Maize + NPK
GM legume Maize+ org. M

Pre-maize GM

Maize - N
Maize + NPK
Maize+ org. M

Natural vegetation
Maize + weeds - N
Maize - N
Maize + weeds + N
Maize + weeds + NPK
GM legume
Maize - N
GM legume Maize+ org. M
Maize - N
Maize + NPK
GM legume
Maize+ org. M

2014
2015
Jul Aug Sep Oct Nov Dez Jan Feb Mar Apr May Jun
T
Dry season
T
Wet season
T: Transition season between dry and wet or wet and dry season

Jul
T

Aug

Sep Oct
Dry season

Post-maize forage legume
Maize - N
Maize + NPK
GM legume
Maize - N

Nov

Dec
T

Jan

Feb

Natural vegetation

GM legume

Mar Apr May
Wet season

2016
Jun

Maize + weeds - N
Maize - N
Maize + weeds + N
Maize + weeds + NPK
Maize - N
Maize+ org. M
Maize - N
Maize + NPK
Maize+ org. M

Jul
T

Aug

Post-maize forage legume
Maize - N
Maize + NPK
GM legume
Maize - N
Pre-maize GM

Sep Oct
Dry season

Nov

Dec
T

Maize - N
Maize - N
Maize - N
Maize - N
Maize - N
Maize - N
Maize - N
Maize - N
Maize - N
Residual effects

Nat veg
revovery

2017
Jan Feb Mar Apr May Jun Jul Aug Sep
Wet season
T Dry season

RICE (Floodplain)
Reference
Yield gap

Alternatives
Intensive
Intensive

Table 4:

1
2
3
4
5
6
7
8
10
10

Pre-rice GM
Post-rice forage legume
Post-rice food crop
Post-rice food crop

Leg

Natural vegetation
Rice (unbunded field) - N
Rice (bunded) - N
Rice (bunded) + 60 kg N
Rice (bunded) + 120 kg + NPK
Rice (bunded) - N
Rice (bunded) + FYM
Rice (bunded) - N
Rice (bunded) + NPK
Rice (bunded) +FYM

Natural vegetation
Rice + weeds - N
Rice (bunded) - N
Rice + 60N
Rice + 120NPK
Rice (bunded) - N
Rice + FYM
Rice (bunded) - N
Rice (bunded) + NPK
Rice (bunded) +FYM

Pre-rice GM
Post-rice forage legume
Post-rice Food crop
Post-rice food crop

Leg

Pre-rice GM
Post-rice forage legume
Post-rice Food crop
Post-rice Food crop

Leg

Nat veg
Rice - N
Rice - N
Rice - N
Rice - N
Rice - N
Rice - N
Rice - N
Rice - N
Rice - N
Residual effect study

Nat veg
revovery

Tabular overview linking agricultural practices with human health effect on wetland userss
Rice farming

effect on wetland and
wetlands user

risks

associated
health effect

benefits

Sources

income generation, food production, other products and resources, depending on farming scale:
growth of human settlements, development of technological advances, migration,
Loss of natural environment, loss of access to traditional healing plants, loss of important places,
drainage of wetlands, loss of genetic diversity / variety, simplification of wetland trophic webs as a
result,
exposure to dangerous animals, exposure to disease-transmitting vectors,
depending on the rice treatment, farming scale and farm management: increased use of fertilizers,
pesticides in water, soil and air, exposure to contaminated water, exposure to chemical substances
and toxins, over extraction of water for irrigation, expenditure for field workers, child labour (bird
chasing)
WASH-related diseases, dermal and intestinal diseases (e.g. diarrhea);
Soil-transmitted helminth
Schistosomiasis,
Intoxications due to pesticide and fertilizer exposure
Skin irritation due to pesticide and fertilizer exposure
Changes in vector-transmitted diseases (e.g. Malaria), stunting by frequent illness, acute stress
reaction, resulting in weakening of immune system,
loss of emotional bond to the environment,
overwriting sense of place,
encroaching environmental problems threatens the person–place relationships,
social exclusion of immigrants
Increased food supply
physical activity by field work,
access to the market,
increase of welfare,
social mobility,
addition of value to the environment,
cultural exchange of locals and immigrants
Reduction in vector-transmitted diseases (e.g. Malaria due to changes irrigation schemes (strongly
dependend on local situation and schemes)
Corvalan, Malan, Githeko et al. (2006), Dale & Knight (2008), Boelee & Madsen, Tsegai, Horwitz et
al. (2012), Najafi & Kamal (2012) according to Scannell and Gifford (2010)

2

GlobE - Wetlands

Annual progress report 2014

Appendix

______________________________________________________________________________________
Table 5:

Master and PhD Students affiliated to the GlobE-Wetlands project in 2014

WP

Name

Envisioned
degree

Funding

Work package
affiliation

A2

Kornelia Kleissler

Master

external

C

all

A2

Lena Evenschor

Master

external

C

All

A3

Gesa Heinchen

Master

external

E

Kenya

A3

Walter Nyamolo

Master

GlobE

B

Kenya

A5

Martin Ziegler

Master

external

C

Tanzania

A5

Patrik Veltins

Master

external

D

Tanzania

A5

Piotr Przysucha

Master

external

C

Uganda

A5

Tina Geisler

Master

external

C

Tanzania

A5

Yasmin Krohm

Master

GlobE

B

Uganda

A5

Katharina Liedeke

Master

external

C

Tanzania

B1

Bernd Schnäbeli

Master

GlobE

B

Uganda

B1

Michael Fuh

Master

GlobE

B

All

B1

Peter Ngolo

Master

GlobE

B

Kenya

C3

Immaculate Asiimwe

Master

GlobE

C

Uganda

A2

Björn Glasner

PhD

GlobE

G

Uganda/Tanzania

A2

Johanna Kremer

PhD

GlobE

B

Uganda/Tanzania

A3

Innocent Mwaka

PhD

GlobE

E

Tanzania

A3

Johanna Treidl

PhD

GlobE

E

Rwanda

A4

Landry Fanou

PhD

GlobE

B

Uganda

A5

Sonja Beuel

PhD

GlobE

C

Uganda/Tanzania

A5

Geofrey Gabiri

PhD

GlobE

C

Uganda/Tanzania

A5

Kristian Näschen

PhD

external

C

Uganda/Tanzania

B1

Julius Kwesiga

PhD

GlobE

B

Tanzania

B1

Simon Alibu

PhD

GlobE

B

Uganda

B1

Susanne Ziegler

PhD

GlobE

B

Uganda

B2

Kai Behn

PhD

GlobE

B

All

B2

Katrin Wagner

PhD

GlobE

H

Uganda/Tanzania

B3

Bisrat Haile Gebrekidan

PhD

GlobE

B

Uganda/Tanzania

B3

Irene Koko

PhD

GlobE

B

Tanzania

C2

Larisa Seregina

PhD

GlobE

F

All

D2

Carmen Anthonj

PhD

GlobE

D

Kenya

D2

Matian van Soest

PhD

GlobE

D

Uganda

D2

Sophie-Bo Heinkel

PhD

GlobE

D

Uganda

D3

Esther Amler

PhD

GlobE

C

All

D3

Fridah Kirimi

PhD

GlobE

C

Tanzania
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ANNEX 2: Figures
Socio-economics

A. Status quo and
processes

Agricultural
production

B. Management
options
C. Integration
and scenarios

Modelling

Resource
management

D. Extrapolation and
recommendation
E. Capacity building

Figure 1: Conceptualization of linkages between a) work clusters and b) disciplinary areas.

Cluster A

Cluster B

Cluster C

Cluster D

(Status quo)

(Options)

(Integration)

(Extrapolation)

A2

D1

Yield gaps

C2

A5

Scenarios

Fluxes

Niches

D2
Health

B1
Options

C1

A1
Typology

B2

Database
Models

D3

D5

Distribution

Advise

Env. effects

A3

B3
Econ. effects

Econ. eval.

C3

D4

A4

Scaling

Upscaling

Ecos. Serv.

Cluster E
(Capacity-building)

Figure 2: Schematic presentation of linkages between research clusters and work packages
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Figure 3:

Example of tiles and mapped assessment units defined during the typology survey .

Figure 4:

Hierarchical classification scheme of land use types observed in East African wetlands.
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Figure 5:

Principal component analysis for 130 assessment units and 17 variables characterizing wetlands assessed
during the monitoring tour in 2013.

Figure 6: Hierarchical clustering for 130 assessment units and 17 variables. Units were separated into 9 clusters
according to dissimilarity patterns.
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Figure 7:

Classification tree used to discriminate between the 9 clusters defined by hierarchical clustering. This tree
can be implemented as an expert system able to assign external units to the defined clusters.

Figure 8:

WET-Health scores calculated as average of scores for the modules hydrology, geo-morphology, vegetation
and water quality.
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Figure 9:

Figure 10:

Field layout and treatment randomization at three landscape positions in Namulonge, Uganda.

General Characterization of the Central-Field-Trial-Plots of rice in Namulonge in August 2014 (left=Fringe,
middle=Middle, right=Center)
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Figure 11: First results from the Eh-installation in Namulonge between September and October 2014 (upper=Fringe,
middle=Middle, lower=Center)

25

20
Market storage

Transport to market
15

%

Farm storage
Transport to farm

10

Threshing and Shelling
Platform drying

5

Harvesting/field drying

0
small

Figure 12:

large

Allocation of different causes to the overall PHL in maize in the capital region Kigali (Ruanda) in 2012
(adapted from APHLIS 2015)
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Figure 13: Syntaxonomic scheme classifying natural vegetation of East African wetlands.

Figure 14: Biomass recovery of vegetation after “last tillage” event simulating abandonment of croplands.
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Figure 15:

Proportion of annual species in relation to a “degree of disturbance” (based on land use, drainage, grazing
and agricultural practices).

Figure 16: Location of the five hydrofacies in the area around Ifakara (super test site Tanzania).
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Figure 17:

Geological map including chemical composition depicted as Udluft-diagrams of water samples of the first
snapshot sampling of rainy season 2014 for the area around Ifakara (super test site Tanzania).

Figure 18:

Cluster distribution of the water samples based on anthropogenic indicators. Cluster 1 and 3 representing
good water quality, 2 representing medium water quality and 4 representing bad water quality with respect
to nitrate, sulfate, phosphate and chloride.
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Figure 19:

Geological map of the area around Namulonge (super test site Uganda) including the localities of installed
piezometers.

Figure 20: Hydrological instrumentation of the Namulonge hydrological experimental sub-catchment.
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Figure 21:

Mean daily inlet, outlet discharge and precipitation measurements for the Namulonge hydrological
catchment (24.06.2014-26.10.2014).

Figure 22: Digital elevation model of the Kilombero catchment, Tanzania.
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Figure 23: River profile velocity and discharge profile at the Kilombero ferry for low flow.

8
7
6
5
4
3
2
1
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F M C
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Figure 24: Rice yield (t ha-1) in the Namulonge inland valley in 2014 as affected by site and management factors,
Legend: F = fringe, M = middle, C = Center, T2: Rice unbunded – N, T3
Rice (bunded) – N, T4: Rice +
60 kg N, T5: Rice + 120 N+PK + irrig., T6: Green manure Rice – N, T7: Green manure +Rice + animal
manure, T8: Rice – N, T9: Rice + 120kg N+PK + irrig., T10: Rice + animal + green manure
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Figure 25: Hyacinth bean /Dolochos lablab) in the central field trial Ifakara, mid section, sown in December 2014.
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Figure 26: Biomass at rice harvest of six contrasting lowland rice genotypes exposed to no iron, an pulse stress (1000
ppm for 2 weeks) and a chronic stress (300 ppm for 10 wks)
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Figure 27: Boxplots of soil CH4, CO2 and N2O emissions in the different rice treatments of the central field experiment at
Namulonge, contrasted with semi-natural vegetation, in the period of September-December 2014. Soil gas
emssions were measured with the manual static chamber approach with at least weekly time resolution at
each of the three different replicates of the respective treatments at the fringe (FR), middle (MI) and center
(CE) positions. The boxplots were generated from the mean flux values of each measurement date

Figure 28: Digital Surface Model for a subregion of Ifakara supertestsite; spatial resolution of 40 cm and a vertical
resolution of less than 5 m (data source: GlobE flight campaign: May/June 2014).
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Figure 29:

Illustration of the extensive data search for East African atmospheric observations.

Figure 30:

Standardized Precipitation Index (SPI) for selected measurement stations Namulonge (Uganda), Ol Maisor
Farm (Kenya) and Kigali (Rwanda).

18

GlobE - Wetlands

Annual progress report 2014

Appendix

______________________________________________________________________________________

Figure 31: Illustration of future „dry“ and „wet“ rainfall scenarios. Under (a) an enhanced descending branch of the
Walker cell over East Africa could lead to reduced rainfall amounts of the long rains, whereas under (b) a
shift to more positive values of the Indian Ocean Dipole (IOD) would result in more abundant short rains.

Figure 32: Schematic of the scenario development process within the Wetlands project. Altogether seven steps are used
to construct scenarios.
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Figure 33:

MODIS Maximum Value Composite NDVI values for the project countries, June 2014 (~wet season) and
September 2014 (~dry season).

Figure 34:

Quantitative analysis of wetland definitions in (a) publications on wetlands in general, incl. scientific
monographs and (b) wetland case studies (Numbers in brackets indicate share of publications not related
to remote sensing).
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Figure 35: Compilation of available wetland map layers for the project countries Kenya, Rwanda, Tanzania and Uganda.
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