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Food production in many upland areas in East Africa shows stagnating or declining trends. On the other hand, a yearround or seasonal water availability and generally high resource base quality mark wetlands as potential production
hotspots. With a cover of some 18 Mio ha in the four target countries of the project and only about half of them currently
being used, we surmise that wetlands become the food basket of the region. However, an increased food production
from wetlands will only be achieved sustainably if agricultural land use can be reconciled with the conservation of
biodiversity and generally the maintenance of ecosystem services. In a trans-disciplinary research approach, a
consortium from Bonn-Cologne-Jülich-Mainz and several African partners assesses wetlands’ contribution to food
security and the sustainability of current and projected future uses. 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 and decision tools are developed and employed for 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 capacity building component ensure the application of the findings both within the
region studied and beyond. The present report has been prepared for the 2017 General Assembly Meeting of the GlobEWetlands project and covers the period from January to December 2016. Besides the general background, it contains
selected key findings and achievements. Despite a delayed start of field research activities with the onset of the rainy
season 2014, most milestones have been achieved.
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1.

GENERAL BACKGROUND

Introduction
The food security challenges in Africa relate to two key questions: (1) how to maintain and enhance food production
while minimizing negative side effects? and (2) how to sustainably increase productivity when millions are still short of
food? (Godfray et al., 2010). The “Wetland” project will provide answers to these crucial questions through collaborative
and trans-disciplinary research in a African-German consortium. Large 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, a sustainable increase in wetland-based food security will only be achieved it can be
reconciled with other benefits and services accrued from wetlands. Sustainable use options differ according to country
and region, specific attributes of the wetland and its users, and the social-ecological environment (Finlayson and van der
Valk, 2012).We propose a strategy aimed at promoting a wise use of wetlands in Kenya, Rwanda, Tanzania and
Uganda. The suggested approaches involve cross-scale trans-disciplinary research, combining field experiments and
surveys with modelling 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 used in a sustainable way to become the
future food basket of the region while fulfilling essential functions and providing diverse ecosystem services.
The food security challenges
Improving food security and resource use in agricultural production are closely interlinked challenges, relying on the
available natural resource base and the management of agro-ecosystems (Foley et al., 2011). Food security is given
when sufficient food is available, accessible, utilizable, and steadily provided (Wheeler and von Braun, 2013). Thus,
future crop production will need to respond to multiple demands from a societal, environmental and agronomic
perspective.Current projections show a continued increase of world population from about 6.8 billion people in 2010 to
9.1 billion by 2050, 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 (Godfray et al., 2010).On the one hand, this represents a
powerful driving force to intensify land use for food production (Tscharntke et al., 2012); on the other hand, recurrent
episodes of sharp increases in staple food prices and increasing rainfall variability 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 of upland areas. About 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, and climate change leads to shorter return periods of extreme climatic
events, thus increasing farmers’ exposure to climate-related welfare losses. However, agriculture remains a powerful
engine for economic growth, food security and poverty reduction, and unlike Asia, Africa still possesses a large reservoir
of underutilized agricultural resources, of which wetland areas are the most promising. Thus, we assume that agriculture
will play a significant role in ensuring regional food security in the coming decades, mainly through an intensified, yet
wise use of wetlands that reconciles the needs for increased food production with growing concern for the environment.
The wetland alternative
Wetlands in SSA consist mainly of inland valley swamps and alluvial floodplains making up > 80% of East Africa’s total
wetland area and covering aboutn18 Mio ha in Kenya, Rwanda, Uganda and Tanzania. Their 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 and generates food for urban communities and income for thousands of farm families
(FAO, 2015).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. The price for such gains in food security and employment is thus often
being paid for by the destruction of habitats and the loss of regulating, cultural and supporting services of so far unknown
dimension(Boyd and Banzhaf, 2007).The Millennium Ecosystem Assessment (2005) defines wetland services as the
“benefits people obtain from wetland ecosystems”, comprising the provision of food and water, the regulation of climate,
and natural hazards, spiritual and recreational roles and the support of soil formation, nutrient cycling and erosion
control. 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 Peta-grams of carbon are stored in wetland soils in sub-Saharan Africa (Mitsch et
al., 2012). Many wetlands are also important grazing grounds for landless herders during the dry season (Sayre et al.,
2013). Sustainable agricultural uses must consider this multi-functional nature of wetlands, taking into account the
requirements, aims and aspirations of diverse stakeholders (Obst et al., 2015).
The study areas
The choice of intervention areas for the “Wetlands” project, is based on biophysical and socioeconomic attributes, and
national policy priorities. Sites comprise floodplains in the semi-arid highlands (Ewaso Narok swamp in Kenya) and the
sub-humid lowlands (Kilombero valley in Tanzania), and inland valley swamps along urban-rural gradients (Namulonge
in Uganda and Nyavarungu in Rwanda).Covering the prevailing diversity, the selected wetlands allow for up-scaling
activities and are ideal for conducting field experiments and surveys, for trans-disciplinary data integration and modelling.
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Being national priority environments, research at these sites solicits political interest and is seen to facilitate data transfer
from science into the application arena.
Goals and objectives
Our overall aim is to assess the potential for sustainably transforming wetlands into the food basket of East Africa, and to
develop science-based tools, facilitating this process. We hypothesize that wisely used wetlands will become the future
food basket of East Africa. We surmise further that the required food production increases can be reconciled with
concerns for nature protection and the maintenance of ecosystem services through site specific constraint analysis and
the system-specific development and extrapolation of production methods. The development of guidelines leading to
such wise uses requires cross-scale assessment and integrated trans-disciplinary modelling strategies. The “Wetland”
project is thus developing a set of products contributing to decision making (protection vs. use), guideing land use
planning, and informing policy.
Project structure
Achieving these goals and ascertaining how wetlands may become the food basket of East Africa requires collaborative
and trans-disciplinary research. 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 upscaling (Cluster D: Extrapolation and recommendation). This structure is complemented with diverse training activities,
the provision of decision-making tools, and multi-stakeholder workshops (Cluster E: Capacity-building).(Table 1).The
cooperation follows a trans-disciplinary multi-stakeholder approach based on partnerships. The network structures in
place are characterized by the mutual complementary of disciplinary expertise 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, plant nutrition rice
production, organic agriculture) and human health (public health, water quality). The project benefits from the
experiences of long-term collaboration gained through diverse joint research projects. The following sections present
results or achievements of selected activities from the year 2015 (reporting period).
Table 1. Research clusters and work packages of the GlobE Wetlands project, including goals, scales of intervention

Cluster A

Cluster B:

Status quo and function

Alternative options of use

Goal:
Scale:

Understand the System
Wetland

Goal:
Scale:

WP A1: Characterization and typology
WP A2: Potentials, uses, constraints
WP A3: Socio-economic evaluation
WP A4: Ecosystem services
WP A5: Matter fluxes

Optimize Wetland Use
Wetland - Catchment
WP B1: Testing and modelling options
WP B2: Environmental effects of options
WP B3: Economic effects of options

Cluster C:

Cluster D:

Integration and Scenarios:

Extrapolation

Goal:
Scale:

Build Models and Tools
Sub-regional

Goal:
Scale:

WP C1: Central database
WP C2: Scaling issues
WP C3: Scenarios and story lines

WP D1: Social-ecological niches
WP D2: Human health impact
WP D3: Quantification in space and time
WP D4: Regionalization
WP D5: Policy advice

Cluster E: Capacity strengthening
Goal:
Scale:

Uscaling and Recommendadtions
Regional

Training and Capacity Building
International
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2

ADMINISTRATIVE ACTIVITIES

2.1

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 operational:
“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 (Eike Kiene - 80% position) and an administrative
secretary (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 from the four member countries and Germany: n.n. –REMA, Ministry of Environment Rwanda; Alice
Kaudia –Ministry of Environment and Mineral Resources, Kenya; Richard Kyambadde – Ministry of Environment,
Uganda; Julius Kenneth Ningu – Vice Presidents Office, Tanzania; Ludwig Kammesheidt - International Office of the
German Federal Ministry for Science and Education. The board meets yearly in November (2014 Kenya, 2015 Uganda,
2016 Rwanda, 2017 panned for Tanzania).
“Country Coordinators ”They support the country activities logistically, provide back-stopping and administer funds.
They also contribute to the scientific priority setting as members in the Steering Committee. Country Coordinators are H.
Oyieke – Kenya; M. Ugen – Uganda; D. Sebashongore– 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 (Africa Rice Center) and
meets annually.
Physical infrastructure:A coordination office in Bonn has been obtained from the university and was furnished with funds
from the Faculty of Agriculture. 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. Fife automated climate stations
have been procured and installed at the super test sites as well as in the Ewaso Narok swamp in Kenya. Climate stations
provide essential data for crop simulation modeling, hydrology, climatology, and regional extrapolation. The stations
collect data at 10-minute intervals.
Administration and Organization: Legal agreements that govern the collaboration have been signed by all collaborating
organizations. Research priorities have been set at the kick-off meeting in Dar-es-Salaam. These priorities and the
methodological approaches are being revised, refined and harmonized at the annual General Assembly Meeting. Basic
research equipment for all project sites (ovens, mills, soil-water station, sampling and chemical analytical equipment,
etc.) has been procured and is available in the four target countries. Fully functional project houses provide
accommodation for students and the facilities required to conduct research.
The central coordination office organizes monthly staff and student meetings. At these meetings, organizational issues
are discussed, students present their work plans or findings, methodological approaches are harmonized, and priorities
and collaboration needs for field research activities are defined. The minutes are shared with all GlobE-Wetlands
members and are posted on the internal GlobE-Wetlands website. Additionally, an annual general assembly for all staff
and students is organized by the central coordination office. The general assembly in 2016 took place in Bonn in
May/June. Findings were presented and discussed and ongoing and future transdisciplinary activities were planned and
harmonized across disciplines and sub-projects.
The web-site (http://www.wetlands-africa.de/) 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 internal page where the
approved proposal, progress reports, students’ profiles, and the minutes of the monthly meetings are accessible. Via the
internal page, members can also access the central database.
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3

RESEARCH ACTIVITIES AND KEY FINDINGS

3.1

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 trade-offs
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 evaluated and quantified the production potential of specific wetland situations, investigated the
processes involved at multiple scales, and are in the process of evaluating 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 has been guiding 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 socioeconomic 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? This work is done jointly by biophysical, social and cultural scientists, reflecting the trans-disciplinarity of the applied approach.
WP A1: Wetland characterization and typology
Abstract: To guide the selection of representative target sites and to develop management strategies, some 160
wetlands were systematically characterized and classified into sub-units with homogenous attributes and land uses. We
combined interdisciplinary assessments and participative appraisals to gather data about biophysical and socioeconomic characteristics, about the driving forces for wetland use and use changes, and about attributes affecting the
vulnerability of agro-ecosystems.
Objectives: We hypothesize that the diversity of the biophysical characteristics of wetlands and of the socioeconomic
attributes of their surrounding environments are determinants of the prevailing wetland use (types, intensity, and
duration). The aims of the study were: (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
Typology and assessment of wetlands:
A wetland classification was established and critically reviewed. A classification of potential wetland uses is still under
way due to some lacking variables for a validation of clusters types. The most suitable strategy for a consistent
classification of wetland use units involves an initial separation of bio-physical properties from socio-economical
attributes and a reduction to few variables that emerged as key drivers in empirical discrimination analysis, i.e. 1)
duration of flooding, 2) height of flooding, 3) soil texture and 4) soil organic matter content for the bio-physical data set,
and 1) household size, 2) tenure system, 3) household welfare level, 4) distance to market and 5) population density for
the socio-economical set. The ideal number of clusters was determined by both classifications, the silhouette index,
resulting in 4 cluster groups according to bio-physical and 5 cluster groups accordiing to socio-economic attributes. The
degree of association between both classifications (Figure 1, Annex) suggests strong interaction between socioeconomic and bio-physical properties and will now be exploited for a more compresenve wetland classification scheme.
Its validation will require additional data to be collected in 2017 for publishing the new suggested wetland typology.
The assessment of wetlands for their integrity or disturbance regime was reported for 2015. The corresponding
manuscript was published in 2016 in “Ecological Indicators” (Beuel et al. 2016). An additional assessment based on
vegetation properties has been developed in 2016. The physiognomy of vegetation was related to its functional and
taxonomic composition as indicators for wetlands’ biological integrity and has been submitted for publication to
“Ecological Indicators”.
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WP A2: Potentials, uses, constraints
Abstract: Resource availability differs in space and time and determines the agricultural production potential. Assessing
the actual and potential yields and quantifying the main limiting factors will guide intervention strategies and the
assessment of wetlands’ future contributions to food security. We analysed rice, maize and vegetable production
systems at the super test sites in Uganda and Tanzania and related yields to resource base and management attributes
using a yield gap approach. Additionally, post-harvest and other losses have been evaluated along the value chain for
selected commodities. The knowledge gained will guide future land use and management strategies.
Objectives: We defined two “super test sites” (lowland floodplain at Ifakara, Tanzania and a highland valley in
Namulonge, Uganda) where all disciplines are active and contribute to knowledge generation. The sites were selected
for their representativeness of major wetland systems (WP A1), and characterized by available infrastructure and base
line data. The objectives comprise(1) the establishment of central field experiments, (2) resource inventories, and (3)
monitoring the impact of land uses on the biophysical and social-economic environment.
Activities and key findings
At both “super test sites”, three fenced observation and experimental areas of 2500 m² were established, covering in
main hydrological and edaphic situations (moist fringe, seasonally dry mid-section, and year-round wet centre
positions).In each area (sites and positions), we analysed production systems and yield gaps and linked potentials, uses
and constraints to available biophysical resources and household attributes.
In the on-going field activities potential and actual yields and main yield-limiting factors were determined for diverse
climatic and edaphic environments, and losses along value chains of key commodities were assessed. We combined
crop growth simulation modelling with field experimentation and household economic surveys to establish actual
resource use efficiency, and the yield gaps in maize and rice .The agronomic trials compared three land use and
production strategies: (1) In yield gap trials, we quantified 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 compared extensive land uses with single and double crop options on changes in yield, 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 and
composts. Resource- as well as the management-related productivity gaps are currently being combined with integrated
social-ecological modeling approaches to guide the definition of promising target environments spatial-temporalorganizational patterns for re-engineered land use options (WP B1 and WP D1).
Dynamics of resource availability: Wetland use-induced changes C and N stocks and available soil nutrients were
quantified in major wetlands and land use systems, determining their relation to soil Eh- and pH-conditions and to C- and
N-fluxes between pedosphere and atmosphere.
Greenhouse gas fluxes from common wetland use scenarios are determined in weekly static-chamber measurements at
the super test sites, but also from undisturbed soil monoliths transferred to Bonn and incubated under field capacity and
flooded conditions in a greenhouse. Soil and gas samples are taken weekly and gas emissions are related to soil
moisture, labile C content and mineral N dynamics. The fluxes of climate-relevant trace gases differed between land
uses, wetland positions and particularly with changing redox states. Highest CO2 fluxes were associated with periods
when the redox potential increased after prolonged soil flooding, Highest CH4 fluxes were associated with soil flooding
during the rainy season or with irrigation and were more in the center and middle than in the fringe positions of the
wetland. Largest N2O fluxes occurred directly after soil tillage and tended to be more in wetland fringe than in center
positions. The largest global warming potential was determined from drained wetland fringes, followed by flooded
wetland centers. Flooded middle positions showed lowest global warming potential while providing highest rice yields
The trade-offs between production potential and trace gas emissions suggest wetland uses by flooded rice in the middle
positions and no agricultural uses of either flooded center (lowland rice) or drained fringe positions (aerobic upland
crops).
Crop management systems: During the reporting period, main crop management strategies in wetlands were compiled
from farmer interviews in three project countries. A total of 994 farmer households were interviewed (294 in Kenya, 396
in Uganda, and 304 in Tanzania). Some 43% of the fields were situated in wetlands. The main crops grown in the Ewaso
Narok swamp are maize (34%) and beans (23%). In the Namulonge, crop production was more diverse with maize,
beans, arrowroots and sweet potatoes dominating the land use. Rice is grown on <5% of the wetland area but is
gradually gaining importance. Wetland use in the Kilombero flood plain in Tanzania is dominated by rice, involving nerly
60% of the farmers and covering some 80% of the cropped area, followed by maize covering about 16% of the area.
About 60% of the farmers do not use any mineral fertilizer, irrespective of the area and the crop. Maize production is
dominated by modern hybrid cultivars (48%), while local varieties largely dominate the rice fields.
We investigate production potentials and yield-limiting factors in rice and maize by combining field experiments (both onfarm and in the central experiments at the super test sites) and crop growth simulation using the calibrated and validated
crop models ORYZAv3 for rice and LINTUL5 for maize. The differences between simulated potential, agronomicalachievable and farmers’ actual yields as well as key factors contributing to the yield and resource gaps are large and
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differ by site, crop and season. Partitioned biomass, nutrient content and phenological development have been recorded
and are being related to weather data from the last 5 - 10 years. The site-specificity of efficiency gaps and yield-limiting
factors will be used in scenario analyses, using model simulations as a benchmark. First results indicate large yield gaps
for both rice and maize. The extent of the gaps differed by site (wetland type) and position (hydrological regime), and
was related mainly to land preparation, weed pressure low soil fertility. Depending on the wetland position, good
agricultural practices could close up to 50% of the yield gap with grain yields of rice increasing 2 – 3-fold above farmers’
practice. First findings from the yield gap studies of 2016 of maize and rice and the model calibration activities have been
prepared for publication.
The provision of dry season forage for mainly nomadic pastoralists and few sedentary animal husbandry is largely limited
to floodplain wetlands. In collaboration with vegetation ecology, major vegetation formations and biomass in the
floodplain wetlands of Tanzania and Kenya have been assessed. Their analysis of nutritional value and digestibility is ongoing.
WP A3: Socio-economic evaluation
Abstract: The diversity of benefits accrued from agricultural uses of wetlands (WP A2) require an understanding of the
social, economic and cultural factors that shape patterns of access to and use of wetlands, and an evaluation of crop
management systems’ contribution to livelihood. In collaboration, the “public health”, the “social geography”, and the
“socio-economics” groups analyzed dynamic land use patterns and scrutinized how health issues impact them. Research
also addressed gender relations regarding wetland access, as well as land use and benefit.
Objectives: e determine the social, cultural and economic backgrounds of wetland users, exploring their management
systems and investigating health risks associated with wetland uses. Gender aspects receive special attention in
analyzing factors governing women’s involvement in the use of wetlands. Furthermore, the role of both formal and
informal institutions in governing access to and use of wetlands is determined.
Activities and key findings
In joined activities by the social anthropology, the economics and the public health groups, we assess the social-cultural
and economic dimensions of wetland uses. Anthropology and Public Health focused on wetland users in Uganda,
Rwanda and Tanzania, providing information about user groups and their practices related to wetlands as well as a
perspective on how farmers, workers or residents perceive wetlands related risks and opportunities. Activities assessed
institutional dynamics governing organization, access, ownership and use of wetlands, gender relations and women's
participation in wetland-related activities, and the political ecology of health in wetland areas and of wetland users.
Survey questionnaires collected data on household characteristics, land use, production systems and other socioeconomic variables (see also WP B3), thus providing the economic dimension of wetland uses. At regional scale, we
also assessed options for sustainable wetland use through collection and analysis of plot level data from farm
households within and around wetlands in Kenya, Uganda and Tanzania. Across the three east African countries,
different farming systems and drivers of farmer’s choices were identified. Additional data on demography of households,
land ownership, labor use, food or income source, and asset ownership [see also B3] will be used as input parameters
by WP D1. In addition we assessed the challenges and shocks farmers face in wetland farming in Tanzania. Although
wetland soils tend to be fertile and provide consistent moisture for agricultural production, farmers face challenges and
experience shocks disrupting their livelihood and wellbeing. According to their own view, diseases (malaria and other
water borne diseases) and agronomic constraints (pests, weeds and excessive floods) are the main concerns affecting
agricultural production and rural livelihood. Farming in the Kilombero valley is often subject to drought, water logging,
floods, untimely or uneven distribution of rainfall, and pest or disease incidences. Thus, , in the past 5 years, crop pests
and disease have affected 74% of the farmers. Drought and flooding have affected 56 and 40% of the households,
respectively. Other risks to farmers’ livelihoods were related to high volatility in market prices for agricultural products,
large increases in the prices of agricultural inputs (31%), and low product prices (58%).
In 2016, the anthropology group also conducted a set of activities to supplement previous data collection and to complete
data analysis and the dissemination of findings. Research materials were processed (translated, transcribed, arranged,
digitalized, etc.). The process of writing up the analyzed data is ongoing.
Uganda wetlands valuation: During the reporting period, field activities involved the preparation of a survey and its
implementation. In addition, design and implementation of wetland accounting in Uganda was completed and the report
is in the process of being finalized for publication. Also in Tanzania, a field survey was administered and a manuscript on
the valuation of wetland ecosystem services based on stakeholder perceptions and income values has been prepared.
Two Master theses were completed on “factors influencing women’s access, ownership and use of wetlands” and
“valuation of wetland ecosystems and the challenges in their conservation and management”.
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WP A4: Ecosystem services
Abstract: Planning the use of wetlands for food production while maintaining other critical functions requires a
comprehensive knowledge of the diverse ecosystem services wetlands provide to various users. Key services include
the provision of diverse plant- and animal-based products and water, the regulation of water flows, and sustaining
biodiversity. Based on biophysical and socio-economic field surveys, remote sensing, and stakeholder interviews, we
assessed critical ecosystem services. Besides species inventories, indicator values and traditional uses, environmental
economic accounting and welfare-based approaches are applied to valuate wetland-derived ecosystem services.
Objectives: This work package identifies critical ecosystem services supplied by wetlands, and determines possible
trade-offs related to wetlands’ conversion to sites of production. We conduct cross-sectional inventories of plant and
animal biodiversity in wetlands undergoing use changes, identify critical indicator organisms, and assess the importance
of diverse services and their contribution to welfare of individuals and communities in Kenya, Uganda and Tanzania. An
economic assessment methodology is being developed and applied to national case studies in Uganda and Tanzania.
Activities and key findings
Ecosystem services:
The field work in the inland valley wetlands of the Ugandan site involved a preparation and implementation of a survey in
2016 and the ongoing activity of data cleaning. Additionally, a strategy for wetland accounting was designed and
implemented in Wakiso District. A manuscript on ecosystem services provided by wetlands, following an accounting
approach is in preparation. In the Kilombero floodplain of Tanzania, a valuation of wetland ecosystem services was
based on stakeholder perception involving interviews with local authorities and NGs. Particularly the provisional and
regulating services were highly valuated by authorities On the other hand, environmental NGOs valued most the role of
wetlands as habitat for flora and fauna as well as the regulating services. On the other hand, both local stakeholders and
district officials placed a significant lower value on the cultural ecosystem services. Six provisional ecosystem services
were analysed in more detail, namely water for domestic use, the production of paddy rice and maize, the provision of
firewood and thatch grass, and the wetlands’ role for fishing. Urban stakeholders valued the provision of water for
domestic uses highest, providing an annual resource rent of around 1,100,000 EUR On the other hand, rural residents
perceived paddy rice production to be of highest importance, yet water for domestic use was among the top three most
important ecosystem services. Additionally, a household survey, on provisioning services assessed the direct use
benefits. Most households used the floodplain crop production, grazing, brick making, and fuel wood collection. The
production of rice and maize for both home consumption and income generation was valued most. On average,
households engaged in crop production in the wetlands generated a benefit of around 27 EUR per year and hectare. Of
this production, 40% accounts for home consumption. Few farmers engaged in fish production with benefits of only about
12 EUR per year. Seven % of households engaged in brick-making, providing a gross revenue of about 27 EUR
annually. Apart from these direct consumptive uses, the floodplain also provides a divers range of of goods that are sold
in the wetland community and beyond.
Vegetation classification and regeneration dynamics:
The role of wetlands as habitat for biodiversity was ranked highly by some stakeholders. We thus determined floral and
faunal components, their structure and dynamics and their response to anthrogenic disturbances.
In 2016, the vegetation survey in Uganda and Tanzania were completed both within the control plots of the central field
experiment and at alarge number of sites outide of the experiment, Most plant samples could be identified to the species
level at the East African Herbarium in Nairobi..A floristic classification by the Cocktail method resulted in the identification
of 15 vegetation units, 7 in Ifakara and 8 in Namulonge, with none of these communities being shared between the two
localities. The resulting vegetation types will be included in a broad-scale classification system of wetland vegetation in
East Africa, supported by an exhaustive bibliographic review and database mining.
Also the study on regeneration dynamics of wetland vegetation following anthropogenic disturbances was completed in
2016. In Uganda, we observed an incremental increase in standing biomass and a gradual switch from annual and small
perennial to tall perennial herbs and woody species (Figure 2, Annex). Among those, the invasive Mimosa pigra formed
dense thickets in temporary fallows of the middle position of the valley bottom (Figure 3, Annex). In contrast, biomass
recovery in Ifakara showed an oscillatory dynamic with generally only minor changes in species composition. Both
flooding in center and drought in the fringe positions of the floodplain negatively affected the regeneration capability after
disturbance.
Herptile and small mammals diversity in relation to land use:
A zoological survey in Namulonge (Uganda), covered both the dry and the wet seasons. This survey was stratified on the
basis of 3 land use types, namely 1) forested wetland, 2) intact papyrus marshes and 3) experimental gardens. Within
each land use type, fauna inventory was carried out using visual encounter for herptiles (i.e. reptiles and amphibians)
and baited traps for small mammals (i.e. rodents and shrews). A total of 21 species of amphibians belonging to 9 genera
and 7 families were documented, their diversity varying by land use type.. Some 17 species of reptiles in 2 Orders, 11
genera and 8 families were recorded. Their diversity was lowest in crop fields, moderate in papyrus stands, and highest
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in forested wetland. In the case of small mammals, 15 species belonging to 2 Orders, 10 genera and 2 families were
recorded, However, mammal diversity appeared little affected by land use types. We conclude that herptile species are
suitable indicators for anthropogenic disturbances of valley wetlands, with cropping activities affecting more the reptiles
than the amphibians. However, small patches of natural vegetation with crop fields appear to be sufficient as refuge
areas for herptiles to ensure recovery of fauna diversity.
Land use and insect diversity:
A survey of arthropods diversity started in late 2015 and is ongoing in the Ewaso Narok floodplains (Kenya). Field work
was conducted during the both the dry and the rainy seasons of 2016. Specimen were sampled and identified, and
stored in the reference collection at the National Museums of Kenya. Data cleaning and initial analysis is currently
ongoing. A strong seasonal variation in invertebrates’ abundance and species diversity was observed. Higher abundance
was observed in the dry season than in the wet season, with approximately 12,000 compared to 8,000 individuals per
2
100 m .. Also the species diversity was higher in the dry season than in the wet season. These results are contrary to
expectations and may be attributed to climatic abnormalities in 2016 with unseason rainfall events during the dry and
unexpected dry spells during the wet season. The analysis of the sample rarefaction curve (Figure 4, Annex) indicates
that samples collected in the dry season reached an asymptote, while further sampling in the wet season yield
continuously more and new species.
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 is 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 modelling approaches to understand the functioning of wetland systems.
Objectives: Wetland attributes (types, vegetation, soils), production potential and health risks, and ecosystem services
are largely determined by the spatial-temporal dynamics of ground- and surface water and soil moisture. This workpackage determines the wetland-specific variability of solid and solution soil phase parameters as well as the related gas
fluxes. 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 dynamics of groundwater, (iii) water quality and public health, and
(iv) water balance on wetland and catchment scale.
Activities and key findings
Water dynamics and quality. The snapshot sampling campaign of water for the Namulonge test site was completed in
2016. Hydro-chemical and isotopic data of the two super test sites were evaluated and interpreted. Based on data
collected during the last three years, hydro-geological conceptual models of the two super test sites were developed
and/or enhanced (Figure 5, Annex). Hydro-chemical modeling with PhreeqC provided information about the contribution
of groundwater to floodwater. To identify the flow paths in the immediate range of piezometers installed at Kilombero, the
flow processes during water infiltration were modeled numerically with the finite element code SEEP/W applying
hydraulic conductivity data collected during a falling-head permeability test field campaign. The results of a parallel test
campaign concluded that hotspots of fluoride can be associated with Neogene pale sand patches outcropping in
Kilombero. Fluoride in groundwater is mainly increased by hydrothermal enrichment. For Rwanda, sampling points for
pesticides monitoring were identified based on hydrological and geological data acquired from the Rwanda Natural
Resources Authority (RNRA) and land-use data were collected from field observations. Water quantity and quality data
are being used to characterize processes leading to water pollution from pesticides used in the catchment. In the Ewaso
Narok floodplain in Kenya, ground-, stream-, flood-, and spring water as well as rock/ soil samples were collected in 2016
and analyzed for trace elements and stable water isotopes to understand the aquifer, its constituents and the chemical
quality of the water in view of modelling trends of chemical evolution of pollutants along the stream and the wetland. The
water quality results will be compared with standards for human consumption and crop production. Furthermore to
determine irrigation water requirements in the floodplain, a framework was developed combining satellite image analysis
of agricultural areas and qualitative socio-economic data derived from two interview campaign. In combination with
climate data, this information will serve as input and parameterization data for the CropWat simulation model to calculate
crop water requirements under current climatic conditions. After successful calibration and validation of the hydrological
SWAT (Soil and Water Assessment Tool) model for the Namulonge catchment, the hydrological processes of the
catchment were simulated with the grid-based SWAT landscape model to represent spatially distributed basin hydrology
and transport processes. Simultaneously the SWAT model was successfully calibrated and validated for the Kilombero
catchment (Figure 6, Annex). After identifying suitable precipitation stations, the LARSWG weather generator was
established to simulate other climate variables like temperature, wind, solar radiation and relative humidity. To
adequately represent the conditions for the period from 1957 to 1971, the composite LANDSAT land use map generated
by WP D3 was applied. In addition the inundation model “caesar –lisflood” was tested in preliminary runs for the flood
modeling in the wetland area of the catchment.
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Resource fluxes. The bi-weekly monitoring of greenhouse gas emissions (GHG) with static- and floating chamber
technique for CO2, CH4 and N2O, and with a portable LICOR Li8100A System for CO2, and the continuous mineral
nitrogen monitoring in wetlands soils was completed in autumn 2016 after a total measuring time of two cropping periods.
The results of an incubation experiment conducted in a greenhouse of Bonn University with soil samples from the rice
field in Uganda show significant differences between flooded and non-flooded treatments. For CO2 and CH4 the GHG for
all agricultural treatments are much higher under flooded conditions, while N 2O shows higher values under aerobic
conditions. Moreover, the emissions of all three gases were higher from soil samples of the center position (see (Figure
7, Annex). The continuous monitoring of the Redox-potential (Eh) with Pt- and Ag/AgCl-electrodes was completed in
2016 after 2 years of measuring in Namulonge and 1.5 years in Kilombero. The results for Kilombero (Figure 8, Annex)
showed that with the first rains the Eh-potential dropped along the entire hydrological gradient (fringe, middle and
centre). At the middle position a 2-month dry spell, the Eh-potential in soil depths of 10-30 cm increased to over 500 mV,
while at the onset of the long rainy season Eh-values dropped again to around 0 mV and increased only when the rains
had ceased. A strong vertical gradient was observed with lower values in deeper soil horizons In the inland valley
(Uganda) and increasing values with depth in the floodplain (Tanzania).

3.2

Cluster B: Alternative options for wetland use

Wetlands are and will increasingly be converted for agricultural production to meet growing food challenges. The aim of
wetland use must be meeting future food production needs without jeopardizing the wetlands’ ability to provide other
essential ecosystem services. Such “wise” uses of wetlands are likely to differ by wetland type (WP-A1) and production
potential (WP-A2), and their adoption will be driven by social-economic conditions in the communities surrounding the
wetland (WP-A3) and the role and value of other ecosystems services (WP-A4). Finally, technology options, benefits
derived from them, or associated trade-offs will depend on resource availability and resource base quality (WP-A5).
Developing production methods that increase yields while sustaining environmental and human health is the key
challenge of Cluster B. Economic profitability, cultural acceptance and feasibility play decisive roles for successfully
implementing agronomic innovations. Production and productivity increases can be realized by closing the yield gaps for
key commodities or by introducing new systems. Integrated approaches pursued include the use of biological nitrogen
fixation, the synchronization of nutrient supply with crop demand, and the reduction of postharvest losses. Conserving
biodiversity and enhancing ecosystem services are key factors for long-term sustainable wetland uses. Besides the
performance attributes of technical options (WP B1), we evaluate also technology effects on on-farm biodiversity,
resource base quality (C and N pool changes) and other ecosystem services (WP-B2), and assess economic benefits
and production factor requirements for key technologies (WP-B3). The impacts of technology options on production,
ecosystem services and economic benefits or requirements are integrated into a trans-disciplinary modelling framework,
enabling the formulation of recommendations about “wise” uses of wetlands (WP-C3).
WP B1: Testing and modelling alternative management options
Abstract: We develop adapted land use options, thus providing the inputs for the decision toolbox developed in WP C3.
The proposed strategies compare “extensification vs. intensification”, “conservation vs. intervention”, and “organic vs.
mineral” strategies based on the wetland typology (WP A1), the yield gap surveys (WP A2) and the nutrient balance
studies (WP A5). Agronomic management and “eco-intensification” options are evaluated in representative wetland
environments using field experimentation and simulation modelling. Physical and biological approaches to reduce losses
and conserve product quality are comparatively assessed during harvest storage and transport. Technology effects on
production and resource base quality are compiled for use in the modelling framework.
Objectives: The main aims are (1) testing intensification and diversification options for rice- and maize-based and for
selected vegetable-growing systems; (ii) assess their impact on providing ecosystem services, and (iii) model alternative
technical options.Activities are largely based on researcher-managed field trials, established at the fringe, middle and
center positions at the super test sites in Uganda and Tanzania. We quantified yield gaps and key yield-limiting factors,
compared crop intensification (double cropping, external input use) and diversification strategies (off-season food, green
manure and forage crops), and evaluated technology effects on yield, productivity and resource base quality for key
technologies.
Activities and key findings
Studies on lowland rice and maize were conducted in Uganda (inland valley swamp) and Tanzania (floodplain). All field
trials in 2016 were carried out according to the work plan and a large amount of field and lab data was collected and
assessed. In January 2016 the Central Field Trial (CFT) in Namulonge (Uganda) was harvested after the long rainy
nd
season (LRS) for the 2 time, including 10 treatments tested on 3 positions. In April the double cropping treatments were
planted for the second time during the short rainy season (SRS) with 3 treatments at 3 positions. In September 2016 the
CFT was planted for a third time with 10 treatments. Grain yields significantly declined compared with 2015. Farmer´s
-1
practice only achieved yields between 1.4 - 2.2 t ha (Table 1, Annex). The highest yields were recorded in with full
-1
mineral fertilizer application in the middle position with 5.6 t ha . Maximum organic fertilizer application (chicken manure
-1
and green manure) resulted in yields between 4.0 - 5.8 t ha , indicating a promising potential for replacing mineral N.
Leaf N content at 50% flowering was lowest in ‘farmer’s practice’ (2.1 - 2.7 % N) and highest with maximum mineral NP
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(3.4 - 3.5 %, Table 1, Annex). The agronomy efficiency (AE) of organic amendments ranged between 9.9 and 14.1 kg
-1
-1
grain kg N applied and tended to be higher with mineral fertilizer use (16.1-17.5 kg grain kg N). Yields in the short
rainy season were generally lower than in the long rainy season (Table 2, Annex). The hydrological zone had no clear
effect on grain yields during the long, while during the short rainy season, crop productivity was higher in the center zone,
suggesting water shortage in the outer fringe areas of the wetland.
In 2016 we conducted the third (December 2015 to April 2016) and the fourth consecutive trials (June to October) with
maize cultivated during the dry season. Main activities included the collection biomass data and subsequent analysis of
crop nutrient content (NPK). The findings were presented at an international conference. Dry matter accumulation and
grain yields were highest and least variable in the center position (Table 3, Annex), which tended to retain soil moisture
for longer periods. Yield levels and stability were much lower in the middle and the fringe positions. Mineral N fertilizer
application resulted in the highest grain yields, while. Farmers’ practice with only one manual weeding and no mineral
fertilizer application produced the lowest yields. These results underline the importance of both efficient weeding and
fertilizer application, particularly in the inherently variable fringe and middle positions of the valley. Preliminary results of
the fourth season indicate the same trend observed earlier. There was again a clear yield advantage of maize grown in
the center areas where improved weed management was one of the most yield effective strategies.
In Tanzania, sever flooding had destroyed for the second year in a row the experimental site in the flood-prone center
position which was thus replaced by a new site (Center 2). Rice yields in the different hydrological positions were
significantly affected by different N sources. The average grain yield across the zones was 4.9 t/ha, which was about
-1
20% lower than in 2015 (6.0 t ha ), attributable mainly to irregular rainfall patterns during the early cropping season of
2016. Grain yield in the favorable middle and the drought-prone fringe positions were similar (Table 4, Annex), while
lowest yields were obtained in the flood-prone center. Farmers practice (no bunding, no levelling, no mineral N) resulted
in lowest yields, irrespective of the position. Similar to the Uganda sites, application of mineral NP produced highest rice
-1
yields with 9.3, 8.5 and 6.2 t ha for fringe, middle and center positions, respectively. The combination of cow manure
with a cowpea precrop yielded up to 6.8 t/ha being comparable with the yield obtained with equivalent amounts of
mineral fertilizer. The effect of the green manure legume lablab was less pronounced in the fringe zone (3.7 tons per
hectare) compared with the middle zone and center positions with 4.2 and 4.4 t/ha, respectively (Table 4, Annex). Our
findings suggest that farmers can substitute, at least part of the mineral fertilizer by organic sources, thus maintaining
acceptable yield level while improving soil fertility.
WP B2: Environmental effects of alternative options
Abstract: Practices associated with agricultural wetland uses include soil drainage, tillage, and agrochemical input uses
that differentially affect resource availability and resource base quality. The environmental impact of alternative
management options is being quantified, including changes in hydrological processes, groundwater availability and water
quality, soil C and N stocks and seasonal nutrient fluxes, and soil trace gas emissions. The results are used for model
calibration and validation and will be fed into the central database as a basis for defining social-ecological niche
environments (WP D1), up-scaling (WP-D3) and policy recommendations (WP-D5).
Objectives: The environmental impacts of different intensification and diversification use options on resource base
quality changes is quantified in terms of hydrological and hydro-geological processes, water quality, soil C and N content,
and nutrient and gas fluxes. The following specific aims are pursued: (i) assess the impact of management options on
on-farm biodiversity; (ii) model cropping intensity effects on hydrological processes and water-related ecosystem
services, (iii) determine effect of management options on water quality and public health, (iv) quantify changes in C and
N stocks and soil nutrient status with different intensification and diversification strategies; and (v) quantify trace gas
fluxes under different wetland use scenarios.
Activities and key findings
Hydro-chemical analyses of soil water taken from the different treatment plots at the Namulonge test site in 2016 were
3+
evaluated in terms of agricultural indicators, such as NO 3 , PO4 , and K . No detectable nitrate concentrations were
observed in soil water either before or after fertilizer application. Furthermore, neither phosphate nor potassium in soil
water was influenced by fertilizer inputs. These indicators did not differ between treatments. Thus, it may be concluded
that different management options do not severely affect soil water quality. In contrast, fertilizer input in the upland leads
to increased nitrate concentrations in shallow groundwater discharging as springs at the valley slopes. In the Ewaso
Narok floodplain site in Kenya, a survey of 115 households regarding wetland use, disposal into the wetland, access to
groundwater and people’s behaviour during flooding provided insights on effects of intensification and changes in
management on water quality. A survey on the extent of pesticide use, practices and perceptions of farmers in 129
cultivated plots at Nyabarongo in Rwanda revealed that generally the applied rates were lower than the recommend
ones, however, the frequency of application exceeded recommendations, particularly in vegetables.During two rainy
seasons nitrate concentrations were measured in the soil water, the surface runoff and the interflow for three different
land use plots (bare, regularly ploughed soil, semi-natural vegetation and patchy agriculture) at the upper slope positions
of the Namulonge inland valley. Furthermore, electric resistivity tomography was applied along the upper slope transects
to investigate potential water saturated layers and corresponding soil samples were analyzed. First results indicated that
the “Birch effect” (N mineralization peak) was detected at all positions, except for the valley fringe and sites of year-round
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water saturation at the bottom of the slopes. Surface runoff and nitrate-concentrations in the runoff water were highest in
plots with bare soil, followed by the patchy agriculturally used and the semi-natural vegetation plots. Nitrate
concentrations in the interflow water were constant across treatments. Also in soil water, nitrate concentrations were
highest in bare soil treatment plots and lowest under semi-natural vegetation. Overall, nitrate concentrations in the
surface runoff water were highly variable and depended on land use, with lowest values under semi-natural vegetation.
Along the slope transect, nitrate concentrations at the mid-slope positions were lower than at the bottom of the slope,
irrespective of the land use, indicating horizontal translocation. Soil water dynamics in the upper 30 cm were simulated
for bunded and non-bunded rice fields in Namulonge and at all three hydrological positions (fringe, middle and centre)
using the model Hydrus 1D. In general, bunding of rice plots retained more soil moisture than non-bunded plots. Along
the hydrological gradient, middle position retained most soil water followed by centre and the dry fringe positions. Other
factors influencing soil water dynamics included soil texture, organic carbon content and small-scale variability in the
landscape along the gradient. After two complete cropping seasons bi-weekly sampling of GHG fluxes and soil samples
for observation of mineral N dynamics was completed in 2016 forthe Namulonge and Kilombero test sites. GHG
fluxesdiffered significantly between the sites, featuring stronger seasonal dynamics and generally higher values in
Namulonge compared to Kilombero. Regarding differences between crops, emissions of all three climate-relevant gases
(CH4, CO2 and N2O) were higher but less variable from rice than from the maize fields, especially for CH4. While the
seasonal mean values of CH4 indicated a constant emission from all rice plots, the results for maize showed an actual
uptake of CH4 in some treatments. In general, the emissions from the rice field were higher during the cropping season
than during the fallow period. However, there is an exception for N2O in the fringe position where the emissions during
the fallow season exceeded those of the cropping season (Figure 9, Appendix).
WP B3: Economic analysis of alternative (wet-)land use options.
Abstract: In 2016, we assessed current as well as alternative land use options under specific economic and institutional
conditions and specified farm-household models with an explicit representation of agricultural technology in bio-economic
sub-modules. The modelling approach employed behavioural assumptions for main users, taking 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 actors involved.
Objectives: Overall, the work package provides the economic assessment of alternative wetland uses. We develop a
spatially-explicit Agent-Based Model to evaluate the reaction of heterogeneous agents to different socio-economic,
management and change scenarios, and asses their impact on land use change. We assess alternative land use option
in comparison to current land uses under differing natural, economic and institutional conditions. Activities aim to (i)
identify relevant agents and conceptualize behavioural models; (ii) implement behavioural models for agents and
calibrate the status quo; and (iii) assess alternative management options in model formulation and scenario analysis,
reflecting the resource endowment of farmers and production factor requirements of specific technical options.
Activities and key findings
Household surveys from three countries were pre-processed. Data were analysed with descriptive statistics and
presented on both tables and figures to illustrate socio-economic attributes of wetland users and characterize the farmers
in the floodplain in terms of their demographic characteristics, agricultural production, land use, input use, resource
endowment, social network, challenges and shocks experienced. To empirically characterize farmer heterogeneity and
elicit the diversity of current land use and livelihood strategies, a typology was created using a non-parametric
multivariate techniques, combining Principal Component and Hierarchical Cluster analyses yielding three farmer groups.
Farmers in group 1 predominate (65%) and are classified as small-scale rice producers. They allocate nearly all land to
rice, have a relatively high non-household labour use and market participation, with however lower income and smaller
family sizes compared to the average farm. Farmers in group 2 are classified as diversifiers. These farmers allocate their
land to two or more crop, however with a much lower labour use. Farmers in group 3 are classified as agro pastoralists,
having relatively larg land endowments, performing crop-livestock mixed farming and showing highest per capita income.
The farm typology was presented at an international conference and will help us to elicit the diversity of livelihood and
land use strategies and facilitate upscaling of farm characteristics to the regional level.
Using the conceptual framework developed, we further analysed the survey data to understand the dynamics of land use
in terms of farmer’s decision on intensification and land expansion. The floodplain soil in Kilombero is a fertile. However,
its availability and accessibility is increasingly constrained by population pressure, competition from commercial ventures
and institutional land tenure restrictions, forcing farmers to adopt different agricultural intensification strategies. In
exploring the drivers of intensification decisions at the household level different statistical methods were used ranging
from multinomial logistic regression, Bayesian Belief Networks and decision trees. Four main intensification strategies
were identified: (1) mineral fertilizer application,(2) increased cropping frequency, (3) improved genotypes, and (4)
introduction of small-scale irrigation. Nearly 40% of the farmers interviewed apply one or more of these intensification
strategies, with improved genotypes and multiple season crop production being most prominent. Key variables
associated with the adoption of intensification, household size, farmer type, distance to market, commercialization index
and per capita income level were the main variables significantly affecting the probability of intensification. Due
toinstitutional and biophysical constraints farmer face in the study area, most of the households didn’t expand their farm
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size in the past five years [only 8 % reported a land expansion]. Consequently, the significant expansion of land seen in
the study mainly follow from immigration from other parts of the country. To further explore this dynamics over time and
verify the statistically elicited drivers, a further survey is planned in 2017.
To analyse the dynamics of land use and farmer’s behaviour and response to different interventions, an agent based
model (ABM) is under development. Our agent based modelling framework incorporates heterogeneous agents (farmers)
and their behaviour in terms of land use management situated within an explicitly spatial landscape structured into
different hierarchical scales. The ABM provides the ability to analyse the dynamics of interconnected systems through
incorporation of feedbacks between the agents and the landscape systems. The model architecture distinguishes an
initialization module, a farm module, a land space module, a decision-making module and the result collection module.
Further sub modules provide specific functions and behaviours related to the main modules. Thus, the initialization
module is responsible for the creation of agents (localisation of farms and design of landscape) for a period zero. The
farm module assigns attributes of farm households (size, labour endowment, assets, list of plots, location, farmer type,
crop type, etc.). Farmer attributes are parameterised based on surveys and the agricultural sample census from the
government of Tanzania. The landscape module consists of a raster representation of important biophysical features of
the floodplain derived from WP-A1 and A3. The stylized environmental space is organized hierarchically whereby raster
cells represent plots and collections of plots form parcels owned by a single farmer. Villages are composed of collections
of farm parcels which in turn form the wetland landscape at ward and regional levels. Each raster cell, with a resolution of
1 hectare, has a value representing important landscape features such as land use and cover, elevation, distance from
the river, distance from the market, flooding status, and village and ward boundaries). Data for the biophysical
characteristics employ different GIS techniques and harmonization in terms of scale and resolution is already completed.
The decision-making module addresses the land use decision-making in terms of crop choice, intensification and
expansion. At each point in time, the farmer makes decision on their farm plots by receiving information from the land
cells. The module also incorporates a method for the calculation of crop yields using a quadratic production function
calculating yields based on the conventional factors of production(land, labour , capital, fertilizer ), farmer managerial
ability(farmer characteristics) and biophysical attribute of the plot (slope, elevation, distance from the river). This module
also takes in to account the interaction between the farmers, for example representing imitation strategies. The ABM is
written in Java, using the Repast Symphony development environment. Setting up the environment space (the
landscape), populating the cell attributes, characterising the farm agents, creating their representation and linking to the
landscape is completed. The next step will be calibrating the decision-making process and implementing farmers’ social
networks and learning. Once initialized, the model will be used as a virtual laboratory to perform experiments on the
effects of policy interventions and management options on agricultural production, household income and wellbeing as
well as effect on landscape change at village and regional scale.

3.3

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
trans-disciplinary systems analysis. Relations between functional aspects of systems are commonly established at a high
level of abstraction using statistical and mathematical modelling techniques, and then interlinked using model-based
reasoning and scaling. The resulting integrated social-ecological model is simpler than the original sub-model
formulations, permitting the subsequent process of scenario analysis, which forms the basis for policy recommendations
and practical decision-making. Three interlinked work package include (i) the provision of a spatially-explicit database
infrastructure for collaborative research; (ii) assessment of global change scenarios; and (iii) the development of a
coupled social-ecological wetland model for regional up-scaling.
WP C1: Data infrastructure for the project/Integrative database
Abstract: This work package provides a geo-database 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 have been developed
and are mirrored in all participating countries. The repository is accessible to different user groups.
Objectives: (i) Operationalization and management of geo-database; (ii) Interfaces for models and clients; and (iii)
Evaluation of a digital terrain models (DTMs) for super test sites.
Activities and key findings:
The data infrastructure was improved based on information obtained from delivered data sets by the work packages.
Structured data (logger files and associated metadata) are stored in a relational database, while largely unstructured
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data sets from field research are handled by a NoSQL database formalism. A user-friendly web application based on the
WISE concept was designed for easy data access. Maintenance of the geo- and address- databases requires constant
adaptations of data collection tools as well as entity relation and metadata models. Establishing the database at
Makarere University turned out impossible due to its poor reliability, low bandwidth, missing power backups, and frequent
electricity cuts . Instead, a commercial Strato server in Germany is used as an intermediate solution until a reliable server
has been identified in Africa. The collected data sets have been transferred to this German server. Interfaces for data
exchanges between the server and notebook-based virtual machines have been established. Synchronization times of
the database are permissible even at the commercially available phone-network bandwidth in Uganda. The database
mirroring with the Wetland server in Bonn will be institutionalized as soon as a reliable server solution is identified in one
of the African partner institutions. Negotiations are currently on-going NACRII. Following data sources were analyzed in
2016: 1-m LIDAR, 5-m RTK, 30-m SRTM, 90-m SRTM, 250-m GMTED and 1000-m GMTED. First results indicate that
errors in hydrologic flow modelling increases with reduced spatial resolution. We hence will apply high resolution models
in the future to minimize uncertainties in flow calculations. A virtual machine was installed to cope with the demand of the
resulting computing and storage demands. Tree density and height distributions have strong effects on the hydrological
regimes of wetland catchments. Spatial distributions of trees and estimations of tree heights within the floodplain in
Tanzania are investigated using photogrammetry. We classify a binary tree/no-tree map, generate digital surface models,
evaluate their accuracy, and assess the capability of the relative height model in determining tree height measurements.
The deliverables from this research will be a very high resolution Digital Terrain Model (DTM) derived from UAV imagery
and a Digital Surface Model (DSM) depicting tree heights in the study areas. This information is required to calculate
DEM-driven surface element fluxes and it improves our understanding of land conversion processes.
WP C2: Global and regional change scenarios
Abstract: The “Wetlands” project contributes to the understanding of the diversity and functioning of wetland systems,
assesses alternative technical use options and develops decision tools for “wise” uses. Their implementation and the
actual futures of wetlands, however, are uncertain, and depend on the economic development in the target countries, on
the level of organization and implementation of regulations, and on climate change. We develop in a trans-disciplinary
process qualitative storylines and associated drivers of scenarios of change at regional, catchment and wetland scales.
In addition, the climate variability is quantified and future global climate scenarios are downscaled to the wetland scale.
Objectives: The objectives include: (i) the generation of qualitative storylines and the quantification of drivers for two
global change scenarios; (ii) the quantification of past climate variability and its causes; and (iii) a projection of regional
climate change scenarios.
Activities and key findings
(i) Scenarios and storylines: The hypothesis of the project is that in future wetlands will become the food basket of the
region. However, soil degradation could lead to food insecurity and ecosystem services might be reduced due to an
intensified agricultural production. Additionally, a changed future climate might alter hydrological and agricultural
conditions. Therefore, scenarios of the potential future development of wetlands are needed. The framework of the
scenario development was defined at the beginning of 2016: (i) target areas include small inland valleys in the humid
zone (Kigali and Namulonge), highland floodplains in the arid zone (Ewaso Narok), and lowland floodplains in the subhumid zone (Ifakara). (ii) Four socio-economic scenarios and storylines that are related to the economic development
and level of organization have been developed. (iii) Climate scenarios are used as an external force. (iv) Two different
time frames are used for the socio-economic scenarios (near-term: 2016–2035) and bio-geophysical scenarios (midterm: 2041–2060). (v) A cross-scale approach will be applied. The development of the wetland scenarios was advanced
by a scenario development workshop held in Bonn in June 2016 (Figure 10, Appendix). In a first step, partners discussed
the information flow between different thematic complexes (e.g., agronomy, hydrology & hydrogeology, waterbornediseases). In the case of agronomy, driving forces like soil fertility, production, response indicators and beneficiary
thematic complexes were identified (Figure 11, Appendix). Furthermore, the requirements for input data of models, the
used scales and the produced output were compiled. In a second step, drivers of thematic complexes were harmonized
and storylines for four socio-economic scenarios were developed for the topics farming & livestock, water, markets &
infrastructure, demography and governance, rules & institutions. The storylines for the socio-economic scenarios that
were defined during the Bonn workshop were further improved and harmonized. The storyline regarding the scenario of
low economic development and high level of organization, for example, includes features like: (i) small cooperatives and
planned settlement schemes outside wetlands; (ii) title deeds clarifying land ownerships; (iii) agreements between
farmers and pastoralists; (iv) low but efficient uses of fertilizers; (v) a low level of land grabbing; (vi) a long-term vision of
land use; (vii) regulated small-scale drainage; (viii) sustainable irrigation; (ix) no abstraction of groundwater; and (x) a
slight reduction of the microbiological pollution of drinking water (Table 5, Appendix). The four scenarios were presented
at the advisory board meeting in Kigali/Rwanda in November 2016. The advisory board approved the storylines and
encouraged the testing of the scenarios.In the following step, the driving forces need to be quantified by the modelling
groups of the project. This quantification needs to be harmonized to enable comparison of model results.
(ii) Climate variability: Influences of the Madden-Julian Oscillation (MJO) and of Convectively Coupled Equatorial Waves
(CCEWs) on rainfall in East Africa were investigated in 2016. The MJO and CCEWs modify the atmospheric circulation
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and the convective potential and are able to generate rainfall. Therefore, the modulation of East African rainfall by the
MJO and CCEWs was investigated between 1983 and 2013 for the long and short rains during March-April-May (MAM)
and October-November-December (OND), respectively. Wave number-frequency spectral filtering of tropical convection
was used to determine eight different phases of the MJO and CCEWs that correspond to convectively active/inactive
(i.e., wet/dry) phases of these large-scale waves. Daily rainfall observations from 90 weather stations and satellite-based
rainfall estimates were used to obtain rainfall anomalies for each phase. The MJO phases reveal the strongest rainfall
-1
modulation over East Africa, partly exceeding 6 mmday between dry and wet MJO phases. Kelvin and Equatorial
Rossby (ER) waves demonstrate a lower impact on rainfall, whereas Mixed-Rossby-Gravity and Eastward Inertio Gravity
waves show the weakest influence on rainfall (Figure 12, Appendix). The wave phases generate heterogeneous impacts
on different regions, e.g., for coastal and highland areas. Easterly wind anomalies lead to positive rainfall perturbations
particularly at the East African coast. Stronger wind and tropospheric moisture fluxes lead to a considerable stronger
impact of the waves on rainfall during MAM than during OND. The MJO interacts with Kelvin and ER waves leading to
changed and overrode wet- and dry-phase signals. Given the recently improved prediction of the MJO on 2–3 weeks
time-scales, the results open a new opportunity for skilful predictions of rainy season onsets and breaks using statisticaldynamical downscaling methods.
To investigate the onset and retreat dates of the rainy season and potential trends, objective criteria determining dates
from station rainfall and gridded datasets were defined. The method consisted of the following steps: (a) Low-pass filter
of raw mean daily rainfall per pentad; (b) construction of climatologies of rainy seasons (including local thresholds to
define a rainy season and their modality); (c) application to single years (cf. Figure13, Appendix). The method captures
the climatological propagation of the Intertropical Convergence Zone over East Africa well (Figure14, Appendix).
Especially over Tanzania, the seasonal march of onset dates is clearly influenced by the topography. In a next step,
onset and retreat dates will be determined for individual years in order to calculate long-term trends of various rainy
season characteristics.
(iii) Regional climate change scenarios:The University of Cologne carried out a project workshop at the Tanzanian
Meteorological Agency (TMA) in Dar Es Salaam/Tanzania. The workshop dealt with the post-processing of Regional
Climate Model (RCM) data and included topics like the Representative Concentration Pathways (RCPs), Coupled Model
Inter-comparison Project Phase 5 (CMIP5), CORDEX-Africa(CORDEX: Coordinated Regional Climate Downscaling
Experiment) regional model climate runs as well as downscaling and bias-correction techniques. Personnel of the TMA
as well as staff members of the Kenyan Meteorological Service, Ugandan National Meteorological Authority, and
Rwanda Meteorological Agency participated in the workshop. Participants were trained in climate projections and biascorrection techniques, observed rainfall was used to bias-correct climate model data, and software was provided (Figure
15, Appendix). With regard to climate scenarios, RCM runs were selected from CORDEX-Africa for East Africa. Model
runs revealing either increasing, decreasing or no rainfall changes for the long and short rainy seasons were selected.
The criteria finally led to six RCM runs representing the main potential rainfall futures for East Africa.
WP C3: Scaling
Abstract: The application of integrative trans-disciplinary 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 quantified. The following
scaling process is aimed at understanding and quantifying the interrelation between wetland constituting system
components. The work package has thus a strong integrating character. A resulting wetland model will be used for
generating scenarios based on scientific insight and will be made available for decision support and policy briefing.
Objectives: The overall objective of this project is to provide an integrated wetland model and trans-disciplinary scenario
simulations for regional up-scaling (Cluster D). Following activities are implemented to reach this goal: (i) establish
boundary conditions; (ii) scale from plot to wetland; and (iii) model wetland use scenarios.
Activities and key findings
Further integrating the findings of the Wetlands project and converting them into models and decision support tools has
been the working focus of C3 in 2016. Meetings were held with different groups in Bonn and Wageningen to explore
options for technically implementing an integrated wetland model based on the concept outlined in previous annual
reports (i.e. building ontologies, inductive, discipline-specific reasoning, scaling to higher organizational system scales,
developing a trans-disciplinary understanding of human-wetland interaction). These included methodological discussions
about integrating yield gap models into the wetland model, characterizing ecosystem-services, elucidating upscaling
options based on the initial typology analysis, exploring cross-linkages with the scenario group, incorporating economic
household and household-interaction models in the form of multi-agent models, and understanding needs of East-African
wetland policy advisors towards the design of a wetland decision-support tool. Checking information and data available
from the research groups collaborating at the super test-sites revealed a lack of coherence which needs to be
established to facilitate the parameterization of an integrated wetland-model. The necessity for forming an integration
group has been identified. .Biophysical model studies conducted in co-operation with the hydrology group focused on
spatial scaling and model-coupling issues which strongly influence the duration of scenario calculations. Although the
usage of grid-based simulations in SWAT appeared to be attractive for detailed analyses of vegetation-hydrology
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interactions and coupling with grid-based multi-agent models, we initially abandoned this approach due to its high
computational demand. The software design of SWAT also prevented parallelization of computing tasks which could
have been carried out in tandem with crop model simulations in SIMPLACE, further slowing the speed of calculations.
We hence decided to initially carry out all biophysical simulations in SWAT by applying the hydrological response unit
concept which greatly reduces calculation times. Hydrological complexity considerations led us to choose the relatively
simple test-site in Uganda (Namulonge), before extending the analysis to the more complex floodplain section of the testside in Tanzania (Ifakara).
Detailed geo-morphological and soil data as well as hydrological time series were incorporated into the hydrological
model and its vegetation parameterization specified. This setup is currently used in a range of scenario calculations for
studying the mutual influences between vegetation and wetland-water regime. It must be noted in this context, that,
unlike in a previous concept, we define the morphological boundary of a wetland as the peak-height-line of its catchment
area, allowing for studies of catchment-wetland interactions. Results and experiences of these scenario analyses will be
also used for modeling the effect of hydrological zonation on yield-gaps in rice and maize, which are the most prominent
cultivated crops in East-Africa. Corresponding data collection will be completed in 2017 at both test-sites and used for
calibrating crop models in APSIM, SIMPLACE and SWAT in 2017. Initial discussions were also held about how to
incorporate a multi-agent based household-interaction model into the wetland model. Since the economy group focused
its study primarily on the Tanzanian test-site, this will however only become possible, once we have completed the
floodplain simulations, which are more complex from a hydrological point of view.Considerable time was invested in
improving SIMPLACE to meet various demands of the project. Options for reducing calculation times by using computing
clouds or multithreaded high performance clusters (HPC) were assessed. Implementing a rule engine to provide
scientists with the highest possible flexibility to balance model input-output relations with agricultural management
requirements were explored. Bayesian and Monte Carlo algorithms were implemented for calibration and sensitivity
analyses. Easy-to-use wrapper interfaces were constructed to interface SIMPLACE with other computation
environments. Results were presented at an international conference. Further work in 2017 will encompass native
couplings of SWAT HRU and REPAST with SIMPLACE, implementation of the rice crop model ORYZA in SIMPLACE.

3.4

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 likely extrapolation domains for technical options and for future
wetland use options to the national/regional scale. Translating local-scale knowledge into policy advice requires the use
of regionalization techniques. The DPSIR concept will be applied to analyze drivers (human needs), pressures (human
activities to fulfil needs), 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. To answer the
question whether and how wetlands can contribute to food security, a balance between food demand and food provision
at different scales is required. Food insecurity is caused by bio-physical, technological, educational, and socio-economic
constraints. Cluster D aims to translate and transfer knowledge gained at the wetland/catchment scale to decisionmakers at policy level at the regional/national scale. Methods and tools developed and results obtained at the test sites
are linked with existing approaches for evaluation of sustainable use of wetlands. The five work packages, are closely
interlinked, reaching from plot-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 (WP-B1) and economic surveys (WP B1) resource requirements and
performance attributes of technology options will be matched with characteristics of the social-ecological systems.
Technology extrapolation domains will thus be defined and packaged in a tool applicable for guiding decision-making and
defining target environments for most promising options for extrapolation.
Activities and key findings
We are in the process of designing a decision-support prototype according to the user-requirements of East-African
wetland policy advisors. The building of the decision tool is based on the agile modeling paradigm, ensuring frequent
interaction between project scientists, model developers and political advisors. The necessity for building such a tool has
been endorsed by the advisory board in 2016. Production information (WP-B1) is being matched with household
economic information (WP-B2) to derive potential gains of selected technology options for a given social-ecological
environments.
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WP D2: Human health impact
Abstract: This work package studies the relationships of public health aspects and wetland ecosystems. Health impact
assessments were carried out covering physical, mental and social health aspects in relation to different wetland types.
The findings are guiding the implementation of theoretical concepts of health impact assessment in wetland settings and
link human health considerations to studies on adaptation and coping with global change. Results will also serve as
background information for awareness-raising campaigns.
Objectives: The research will deliver an understanding of health aspects associated with wetland ecosystems by: (i)
developing a tool for health assessment; (ii) assessing physical, mental and social health aspects; (iv) providing a
wetland malaria risk assessment; and (v) guiding a health-sensitive wetland management.
Activities and key findings
The analysis of the quantitative and qualitative data was carried forward in 2016 and findings were prepared for
publication. One publication addresses water, sanitation and hygiene (WASH) in wetlands, combining quantitative data
from the household level with observational assessments and qualitative statements by different groups in the wetland,
including smallholder farmers, commercial farmers, pastoralists and service sector workers. It reveals that the WASH
situation is inadequate for large parts of the population, posing health risks particularly to pastoralists in wetlands. The
systematic literature review on use-related risk factors and exposure to malaria, onchocerciasis, schistosomiasis,
diarrhoeal diseases, typhoid fever and trachoma and the resulting framework displaying an overview of wetland uses,
related health risk factors, transmission pathways were revised and expanded. A publication has been prepared,
concluding that socio-cultural and behavioral considerations regarding the wetland users must receive increased future
attention. To disseminate the findings on water-related diseases, risk perception and behavior in the Ewaso Narok
floodplain of Kenya, a debriefing activity was conducted to finalize data collection. Thirty participants, including the Chief,
several local chiefs, community health workers, elders and representatives of farmers’ association attended the meeting
at the Water Resources Management Authority. Moreover, additional research started on the effect of diarrhoeal
diseases on wetland farmers and the proposal has been submitted for ethical clearance.
Research on mental and social health aspects, was carried out in Uganda and included a survey on mental and
emotional well-being, as well as group interviews and interviews with stakeholders of the wetland. Results show, that, the
wetland’s role in social health is based on the one hand on traditional gender roles. For middle-aged men it is important
to own land and to build a house. Furthermore, it is important to sustain the family’s livelihood. The expanse of land in
the wetland and the availability of resources contribute essentially to the residents’ well-being and thus ensure their
health. The wetland builds the basis of their value system and social fabrics. Landownership results in a high
identification with the wetland. Restriction to land and land properties also restrict people in their development of identity
related to the place. The two parallel existing systems of land ownership result in a segregation of stakeholders. The
local units of administration have access to land, and tenants and land lords elaborate contracts on land uses. They can
decide on their personal subsistence. However, in the case of state-owned areas, people have no agreements. A plot of
land for crop cultivation is rather assigned by the institution. Due to massive population increase and a growing number
of projects in the area, large wetland areas have been evacuated and many people can no longer cultivate. This affects
the economic well-being of the former land users but also their ability to plan for the future, increasing the risk to suffer
from depressions In 2016, the field work in Uganda has been completed with the collection of data on land tenure,
health facilities, and health practices in Namulonge. Findings from mainly qualitative research methods point to a link
between the access to land and health-seeking behavior. The ways in which smallholders access health care systems
and deal with a malaria infection is partly influenced by their access to land and the economic resources derived. The
ongoing redistribution of land in the area forces, people to increasingly rely on wetlands to sustain their income, exposing
them also to malaria vectors. These findings help to further specify the folk- and popular sector of the health care
systems in central Uganda, and provides insights into the underlying decisions as well as the health practices. The
findings were presented at international conferences and published in articles and a WHO communication.
First malaria model runs were performed for the four study areas of the project: In the first step, observed rainfall and
temperature data were collected for Ifakara, Kigali, Rumuruti and Namulonge. Daily rainfall data were available for all
study areas, however data gaps required to be filled with satellite-based estimates. Temperature observations were only
available for Kigali and Namulonge. Regarding Ifakara and Rumuruti, temperature observations from neighboring
stations were applied and corrected for altitude, assuming a standard vertical temperature gradient. Data gaps in the
station´s temperature records were filled via bias-corrected ERA-Interim data. In a second step, the 2010 version of the
Liverpool Malaria Model (LMM2010) was driven by the compiled daily rainfall and temperature time series. The relative
low temperatures at the high altitude site of Rumuruti yielded almost no malaria transmission. In contrast, much higher
malaria transmissions were simulated for Ifakara, Namulonge and Kigali (Figure 16, Appendix). Simulated malaria was
highly seasonal with peaks in January and July in Ifakara and in November and July in Kigali, while being frequent and
year-round in Namulonge (Figure 17, Appendix). In the next step, a second, more sophisticated malaria model, the open
source model VECTRI, will be driven by the observed rainfall and temperature time series. Subsequently, CORDEXAfrica historical model runs will be used to drive the LMM2010 and VECTRI and these runs will be compared with the
malaria runs that were driven by observations. At the end, the future climate projections from CORDEX-Africa will be
used to reassess future malaria risks of all four study areas.

17

GlobE - Wetlands

Annual progress report 2016

______________________________________________________________________________________
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 changes and their driving factors will allow projections of future wetland use scenarios.
Objectives: Building on the knowledge of the natural and human-induced characteristics of wetlands, and on the
understanding of the fundamentals of remote sensing, microwave sensing offers the opportunity to detect wetland areas.
Based on the complex heterogeneity and seasonality of the study wetlands in the four target countries, the combination
and integration of different sensors operating at different wavelengths and spatial resolutions will enhance the spatialtemporal quantification of wetland areas. The main aims are (i) the delineation of wetland areas; (ii) the classification of
land-cover and land-use; and (iv) the development of a land-use / land-cover change models.
Activities and key findings
An unsupervised classification of morphometric indices for potential wetlands detection was successfully applied (Figure
18, Appendix). Additional data were collected during a fieldtrip to Uganda and Tanzania on a portable device, permitting
the validation of the classification results. Indices were derived from the SRTM (Shuttle Radar Topography Mission),
improving the Digital Elevation Model by testing several filters on the smoothing of floodplains and developing a method
which is applicable to the complete study area independent of scale and terrain characteristics. Supervised classification
(Random Forest) of the morphometric indices were prepared.
During a fieldtrip to Kilombero in 2016, Fractional Ground Cover (FVC) data were collected during the rice harvesting
season. Time series of MODIS water and vegetation indices were pre-processed and their potential to phenologically
identify wetlands was tested. Datasets describing the ecology and the agricultural potential of the study areas are
available. The mapping of East African wetlands by Sentinel-1 acquisitions was continued. Three different time steps of
Sentinel-1 data were pre-processed for further use. Access to additional wetland data was requested from authorities in
Uganda, Kenya and Tanzania.
In 2016, the fieldwork was completed with LAI and Vegetation Water Content data being computed. Additionally, surface
roughness information and correlation length were derived from pin profiler measurements. Imagery was delivered by
DLR (TerraSAR-X) and MDA (RadarSAT-2) and Sentinel-1. The preparation of the images resulted in a conversion of
the pixel DN values to radar backscatter coefficients in sigma naught. Optical images are sensitive to the photochemical
nature of target objects and are thus of high classification value for vegetation. A time series of RapidEye and Sentinel 2
images was processed and utilized in wetland characterization into four main classes, i.e. bare, water, urban and
vegetated. As cloud cover can affect optical images, particularly in the tropical region near the equator, SAR images
were included in the characterization of the Ifakara site. Time series of Sentinel-1 VV texture images for 2015 and 2016
were classified to quantify land cover changes (Figure19, Appendix). For soil moisture retrieval, RadarSAT-2 and
TerraSAR-X images were classified and the urban and water covered areas masked out. Kennaugh elements and dual
polarized Cloude Pottier polarimetric scattering decompositions were derived from the TerraSAR-X and RadarSAT-2
images and will be used in the derivation of soil moisture. Land use and land cover maps were created using a
hierarchical classification scheme based on multi-temporal Landsat data, and validated using data gathered in the field,
as well as ancillary data. The set of maps consists of Level-1 and Level-2 maps, where Level 1 is split up into rainy and
dry seasons, so that particularly variable water and bare-soil classes are depicted. Level 2 differentiates between 10
classes. Both Levels exist for epochs around 1994, 2004, and 2014, but due to the large data base available for 2014, an
additional map depicting maximum inundation could be added, and a Level 2.1 map differentiating between rice and
mixed upland agriculture (Figure 20, Appendix). Post-classification comparison of the time steps revealed the rapid
progression of cropland into forest fringes and the wetland area particularly between 2004 and 2014. A land use map
from the Uganda site was improved using Sentinel-2 data.
WPD4: 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.
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Activities and key findings
A conceptual framework of an East-African wetland-catchment data base including catchment properties and a regional
wetland inventory has been developed. A causal network that is based on a combination of the DPSIR analysis and the
Ecosystem Services framework captures all direct and indirect drivers forcing overall wetland degradation (Figure21,
Appendix). The regional potential wetland map mainly based on morphometric indices developed by WP-D3 and a
regional catchment data inventory based on freely accessible global geo- and climate datasets is already available as
part of the wetland-catchment data base.The options for sustainable wetland use were assessed through collection and
analysis of plot level data from farm households within and around wetlands in Kenya, Uganda and Tanzania. The data
were also analysed with the objective of identifying distinct farming systems that exist within and around East African
wetlands. The driving forces behind the choice of individual farming systems were also assessed. Our hypothesis was
that the activities associated with different farming systems have a bearing on the impacts (positive or negative) of
agricultural activities on Wetlands. Consequently, identifying the farming systems and the drivers of their choice is a
critical step towards identifying criteria for policy interventions that would help to strike a balance between food
production and sustainable wetland management. The growth in the demand for wetland resources for crop production
was found to be driven mainly by (a) population density-driven land scarcity (b) demand for food, closely related to the
demographic growth and (c) emerging demand for wetlands to produce commercial commodities such as vegetables for
regional and international markets.
Overall four distinct farming systems across the countries were identified: (1) upland-rain fed (19%), (2) wetland-upland
integrated (40%), exclusive wetland (35%) and upland irrigated (7%). There is an inverse land size–yield relationship
accompanied by land fragmentation, especially in Kenya and Uganda. While smaller land units in the wetlands tend to be
more productive, the net effect on total food output is low with only a small fraction of the wetland area being currently
cultivated. One possibility of increasing food production without necessarily expanding the wetland area under crop
production is by strategic intensification and enhancing technical efficiencies of different farming systems. Direct and
indirect drivers based on regional socio-economic evaluation, the assessment of ecosystem services (WP-A4), the
wetland typology (WP A1) and the integrative wetland model (WP-C3) will be embedded in the conceptual model of the
nested East African wetland-catchment data base.
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 current policy frameworks regarding wetlands within the political and
economic settings of the study countries and develop a policy advice framework to effectively implement research
results.
Activities and key findings
The cross regional policy assessment started in 2016. A comparative analysis of wetlands policy and legal instruments in
Kenya, Tanzania, Uganda and Rwanda is currently in progress, using the Policy Analysis Matrix and assessing the
institutional arrangement, status and measures of implementation, and enforcement of wetland-related rules and laws
and their impact on protection and uses of wetlands in the region.
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3.5

Cluster E: Capacity-building

The sustainability of the planned research on wetlands potentially becoming the future food basket of East Africa
requires a set of capacity-strengthening measures to deeply root the knowledge generated within the project. Capacitybuilding measures include well-targeted investments in education and training to strengthen scientific capacities and
communication approaches that foster 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 NorthSouth 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 implement knowledge- and skill-enhancing
measures (i.e. field schools and workshops), also for other stakeholders. Workshops and conferences 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
47 master students (58% in total and 82% funded by project scholarships with African nationality) and 27 PhD students
(44% in total and 46% funded by project scholarships with African nationality) have been recruited or have completed
their studies until end of 2016. 14 MS and 3 PhD students, could be supported from external funding sources. The
complete list of all PhD and master students with research topics and short abstracts can be found at
http://www.wetlands-africa.de/staff, and the finalized master theses are listed under http://www.wetlandsafrica.de/publications. Full-text versions are accessible to project members on the “interna” pages. Beside trainings of
students, individual and group trainings of research assistants, enumerators and field assistants took place in all target
countries. Additionally, eight workshops have been organized up to now, with >250 participants. Topics ranged from
“scenario development”, “postprocessing of Regional Climate Model (RCM) data”, to “environmental monitoring using
UAV systems”. Further workshops are in preparation for early 2017. These contributions strengthen regional capacity on
wetland-related issues and will continue and be expanded in 2017 and 2018.

4.

DELIVERABLES AND MILESTONES

Most milestones for 2016 have been accomplished. Despite some delays 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. Until the end of 2016 one book and 13 (6 peer-reviewed journal, 4 reviewed extended abstracts
and 2 submitted to the review process) articles have been published. Additionally, 34 oral contributions and 37 posters
have been presented at national and international conferences. All PhD and most master thesis results are expected to
be published as articles in international journals in the remaining project time. Further information on publications is
available at: http://www.wetlands-africa.de/publications.
The “Wetlands” project’s aims of assessing the potential for sustainably transforming wetlands of East Africa, and to
develop science-based tools facilitating decisions on protection and wise uses are well under way. We are confident to
contribute substantially to reconciling growing needs for food production with concerns for wetland protection through the
past, on-going and future planned trans-disciplinary research within the Wetlands project.
Bonn, 26. April 2017

Mathias Becker

Bernd Diekkrüger
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Tables:
Table 1: Grain yield, N leave content and agronomic efficiency at Namulonge, Uganda as affected by
treatment and hydrological zone.
Long Rainy Season 2016
Valley Position

Grain Yield Rice in t ha
Center

Middle

-1

MV

Fringe

Grain Yield

N %*

AE*

Farmer´s Practice

1.7

c

2.2

c

1.4

c

1.8

2.3

Control (0N)

3.0

b

3.2

bc

3.1

bc

3.1

2.6

60N-Urea

4.2

a

3.7

bc

4.6

ab

4.1

2.8

17.5

120N-Urea PK

4.5

a

5.6

a

5.0

ab

5.0

3.4

16.1

60N-Green Manure

3.1

b

3.6

bc

4.4

ab

3.7

2.5

9.9

120N-Organic Manure

4.0

ab

4.6

ab

5.8

a

4.8

2.7

14.1

Mean Values (MV)

3.4

3.8

2.7

14.4

3.8

4.0

*honestly significant differences (Tukey α =0.05), DC = double cropping, N % = N content in leaves in percent at 50% flowering, AE = agronomic
efficiency kg grain yield per kg N applied

-1

Table 2: Double Cropping at Long and Short Rains, Grain Yield t ha at Namulonge Uganda

Long and Short Rainy
Season 2016

Center
Long
-1
Rains
Grain yield rice t ha
DC - Control (0N)
3.2
DC - 120N-Urea PK
4.5
DC - 120N-Organic Manure 3.5

Short
Rains
2.1
3.6
2.7

Middle
Long
Rains
3.4
6.2
4.2

1

Short
Rains
1.6
4.8
2.0

Fringe
Long
Rains
2.7
5.0
4.3

Short
Rains
1.3
2.8
2.1
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Table 3: Maize grain yields (kg dm ha ) as affected by treatment and hydrological zone, Namulonge inland
rd
valley, 3 season, January - May 2016.
-1

Treatment

Center
432
2997 a

0 N, 1 weeding,
0 N, weed free
-1

60 kg N ha min. N, weed free
-1

120 kg N ha min. N, weed free
-1

60 kg N ha org. N, weed free
-1

120 kg N ha org. N, weed free
0 N, weed free, 2 crops year

-1

Dry matter grain yield (kg ha )
Middle
Fringe
508 a
971 a
1059 a
1714 abc

3154 a

1399 ab

1453 abc

6378 c

3868 c

2812 bc

3771 ab

1261 a

1345 ab

3375 a

1913 ab

2298 abc

6102 bc

719 a

820 a

-1

-1

5498 abc

3946 c

1783 abc

-1

-1

4039 abc

3015 bc

2931 c

3972
2300
<.001

1965
1574
<.001

1792
1363.8
0.034

120 kg N ha min. N, weed free, 2 crops year
120 kg N ha org. N, weed free, 2 crops year
Mean
LSD (5%)
F. pr.

Table 4: Effect of different nitrogen sources on rice grain yield in the three hydrological zones of the
Kilombero flood plain
Nitrogen Source

No bunding/levelling, no mineral N
Bunding, no mineral N
Bunding, 60 kg urea-N/ha

Fringe
-1
(t ha )
a
3.3
3.9
7.0

Hydrological zones
Middle
-1
(t ha )
a
2.0

a

3.7

b

b

7.0

c

Mean
Center2
-1
(t ha ))
a
2.7

2.7

a

3.4

bc

6.6

c

8.0

abc

4.1

2.7
5.8

c

8.5

d

4.4

b

3.2

a

3.9

Bunding 120 kg urea-N/ha + 60 kg PK

9.3

Bunding, no mineral N, pre-rice Lablab

3.7

a

Bunding, cow manure

4.1

a

4.3

b

Bunded rice + post-rice Stylosanthes

3.8

a

3.5

b

n.a

3.6

7.0

c

n.a

6.6

6.8

c

n.a

6.7

b

3.3
4.9

Bunded rice, 60 kg N; + maize, 60 kg N
cowpea with cow manure

6.2

b

6.6

b

6.2
4.2

Azolla

n.a

n.a

3.3

Mean

5.3

5.2

4.0

* Means followed by the same letter with in a column in the different zones are not significantly different from each other according the LSD test.
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Table 5: Storylines of four different scenarios as related to the Economic Development (ED) and Level of
Organization (LoO) and with regard to the topic “Water”. A minus (plus) sign symbolizes a low (high) ED or
low (high) LoO.
WATER

ED –
LoO +

Arid floodplain:
reservoirs

Arid floodplain: no
new reservoirs

Kilombero
valley:
hydropower
Domestic water
supply

No new hydropower,
poor management of
existing hydropower
No reliable access

Drainage

Unregulated smallscale drainage
No irrigation

Irrigation
Ground water
abstraction
Surface water
abstraction
Pollution of
drinking water
Drinking water
treatment

No abstraction
Unregulated smallscale abstraction
(buckets)
Microbiological
pollution
No water treatment
regarding waterborne
diseases

ED +
LoO –
No new or new
reservoirs with poor
management
New hydropower
with poor
management
Unequally
distributed
Intensive drainage
Unsustainable
intensive irrigation
Unregulated water
abstraction
Unregulated water
abstraction
Agrochemical and
microbiological
pollution
Unequally
distribution,
unregulated
treatment regarding
waterborne
diseases

3

ED –
LoO +

ED +
LoO +

Well managed
existing reservoirs

New and well
managed reservoirs

Now new, well
managed existing
hydropower
Limited, reliable
equally distributed
access
Regulated smallscale drainage
Limited, sustainable
irrigation
No abstraction

If new, only in
suitable places,
good management
Safe, equally
distributed access

Regulated smallscale abstraction

Well managed
drainage
Sustainable
irrigation
Regulated
abstraction
Regulated
abstraction

Minor pollution

No pollution

Alternative
treatment options
results in reduced
outbreaks of
waterborne
diseases

Treatment of
sewage water
results in an
absence of
waterborne
diseases
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Figures:
Figure 1: Association plot for biophysical and socio-economic clusters. The area of the box is proportional to
the difference between observed and expected frequencies, assuming no association. Black boxes above
the line indicate excess of observed counts, while red boxes below the line indicate deficient of observed
counts.

Figure 2: Species dynamics in the regeneration (T1) plots in the Central Field Experiments in Namulonge,
Uganda.
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Figure 3: T1 plot (middle) in the Central field trial in Namulonge. About 20 months after tillage, it is almost
completely covered by invasive Mimosa pigra.

Figure 4: Rarefaction curves for invertebrate sampling in Rumuruti (Kenya).

Figure 5: Hydrogeological conceptual wetland model of the Namulonge study site.
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Figure 6: First results for selected water balance components on subbasin and catchment scale for the
calibration period (1956-1965) of the Kilombero catchment.

6

GlobE - Wetlands
Annual progress report 2016
Appendix
______________________________________________________________________________________
Figure 7: Treatments variability ranges of GHG fluxes in oxic and flooded soils of an Ugandan wetland
(Namulonge). Values represent total means ± SE (n=9).
RF = Fringe, RM = Middle and RC = Center
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Figure 8: Redox-Potential time series at various depth (10, 20 and 30 cm) of the hydrological gradient
(center, middle, fringe) in the Kilombero test site in 2016.
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Figure 9: Seasonal mean values of CH4, CO2 and N2O in the Ugandan maize field.
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Figure 10: Participants at the scenario development workshop in Bonn/Germany on 02 June 2016.

Figure 11: Information flow, driving forces, thematic sub-complexes, response indicators and beneficiaries of
the complex theme “Agronomy.
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Figure 12: Modulated station rainfall by the Madden-Julian-Oscillation (MJO) and convectively coupled
equatorial waves (ER: Equatorial Rossby; EIG: Eastward Inertio-Gravity; MRG: Mixed Rossby Gravity
waves) during March-April-May (MAM) and October-November-December (OND). Initially the maximum and
minimum station rainfall values of the eight wave phases were computed. Subsequently the wave induced
rainfall amplitude (i.e. the maximum minus minimum rainfall anomalies) was calculated and grouped
according to 0.5 mm intervals. The curves of the graph represent finally the accumulated frequencies of the
station rainfall amplitudes.

Figure 13: Outline of the method to determine rainy season onset and retreat dates.
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Figure 14: Climatology of onset dates during the long rains (left), and during the short rains (right).

Figure 15: Participants at the project workshop regarding postprocessing of Regional Climate Model (RCM)
data at the Tanzanian Meteorological Agency in Dar Es Salaam/Tanzania on 01 March 2016.
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Figure 16: LMM2010 simulated annual Entomological Inoculation Rates (EIRa; in infectious mosquito bites
per person per year; logarithmic scale) between 1981 and 2010. The LMM2010 was driven by daily
observations of temperature and rainfall from Ifakara (blue lines and circles), Namulonge (green), Kigali
(yellow) and Rumuruti (brown).
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Figure 17: LMM2010 simulated monthly Entomological Inoculation Rates (EIR m; in infectious mosquito bites
per person per month) between 1981 and 2010. The LMM2010 was driven by daily observations of
temperature and rainfall from (a) Ifakara, (b) Namulonge, (c) Kigali and (d) Rumuruti.
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Figure 18: Result of an unsupervised classification of indices derived from SRTM DEM. Clusters 3-5 indicate
potential wetlands, cluster 6 indicates streams and potential inland valley bottom wetlands.
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Figure 19: Potential of utilizing Sentinel 1 single polarized images in continued monitoring of the wetland
shown by combining the Grey Level Co-occurrence Matrix (GLCM) texture images to improve classification
the accuracies.
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Figure 20: Detailed view of the 2014 Level-2 classification (a), and the cropland classification with rice and
mixed upland agriculture, both including the maximum flooding extent (b).

Figure 21: Conceptual model and data structure of the nested East African wetland-catchment data base.

17

