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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 2018 General Assembly Meeting of the GlobEWetlands project and covers the period from January to December 2017. Besides the general background, it contains
selected key findings and achievements.
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1.

GENERAL BACKGROUND

Introduction
The key challenges for achieving food security in Africa are (1) to sustainably increase productivity when millions are still
short of food, and (2) to maintain and enhance food production while minimizing negative side effects. These issues are
addressed by the “Wetland” project through collaborative and trans-disciplinary research in a African-German
consortium. Sustainable wetland use options differ by country and region (biophysical and policy environment), by
specific attributes of the wetland (hydrology, soils, types and numbers of users and stakeholders) and by the general
social-ecological environment (types and intensities of human-environment interactions). Since its inception in 2014, the
“Wetlands” promotes a research-guided “wise” use of wetlands in Kenya, Rwanda, Tanzania and Uganda. The
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 (Rosegrant et al., 2014). 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 (Demont et al., 2017). Current projections show a continued increase of world population from about 7.6
billion people in 2018 to 9.1 billion by 2050, with sub-Saharan Africa (SSA) leading the way, as its population is projected
to double from currently 985 million to approximately 1.96 billion in 2050 (www.worldometers.info). While this represents
a powerful driving force to intensify land use (Tscharntke et al., 2012), recurrent episodes of sharp increases in staple
food prices (Baffes and Cosic, 2015) and increasing rainfall variability (Ray et al., 2015) are inflicting serious damage on
the food security of the poorest households (Acevedo et al., 2018). 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; MacLoughlin and
Kinzelbach, 2016). 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
(Sonwa et al., 2017). 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 (Turyahabwe et al., 2013; Perez et al., 2016). 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, 2018).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 (Ainsworth and Hedlund, 2015). 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 (Wadood and Ali, 2016).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 (Nahlik et al., 2016). 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 (Appadurai, 2013; Obst et al., 2015).
The study areas
The choice of intervention areas was informed by biophysical characteristics, socio-economic attributes, and national
policy priorities. Sites comprise floodplains in the semi-arid highlands of Kenya and the sub-humid lowlands in Tanzania,
and inland valley swamps along urban-rural gradients in Uganda and Rwanda.Covering the prevailing diversity, the
selected wetlands allow for up-scaling activities and are ideal for conducting field experiments and surveys, for transdisciplinary data integration and modelling. Being national priority environments is facilitating data transfer from science
into the application arena.
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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), guiding land use
planning, and informing policy.
Project structure
Achieving these goals and ascertaining how wetlands may become the food basket of East Africa requires studies on the
current state and uses of wetlands and the underlying processes (Cluster A: Status quo), the identification of adapted
wetland use scenarios (Cluster B: Management options), the assessment of potential future wetland uses (Cluster C:
Integration and scenarios), and spatial targeting and up-scaling (Cluster D: Extrapolation and recommendation). 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 network structures in place are characterized by the mutual
complementary 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). he 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, 2018 planned 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.
Infrastructure and organization
There is no change compared to previous reports regarding the physical infrastructure established and the organization
of administration. The web-site (http://www.wetlands-africa.de/) continues to be updated weekly. Through the internal
page, all members can access the central database.
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3

RESEARCH ACTIVITIES AND KEY FINDINGS

3.1

Cluster A: Status quo and function of wetlands

Analysing 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-disciplinary approach.
WP A1: Wetland characterization and typology
Abstract: To guide the selection of representative target sites and to develop management strategies, some 160
wetlands have been 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. The finding have been published and the activity is completed
Activities and key findings2017
Vegetation-plot Databases
The vegetation-plot database SWEA-Dataveg has being consolidated regarding taxonomic information on plant species
(hierarchical classification, parent-child relations, consistency). Additionally, two tools have been successfully submitted
to the Comprehensive R Archive Network (CRAN), namely the packages taxlist (https://cran.rproject.org/package=taxlist) and vegtable (https://cran.r-project.org/package=taxlist). Those tools were introduced in the
context of the “16th Meeting on Vegetation Databases” in Freiburg, Germany. The package vegtable has been used for
consistency checks and for preparing SWEA-Dataveg to its migration from Turboveg to PostgreSQL. The data are
available to all project partners via the “Interna” page.
Ecological Assessment
A methodology for the assessment of conditions of wetlands was developed in 2016 and concluded in 2017. The
resulting methodology has been published in three article in the journal Ecological Indicators. The latest paper in this
series, accepted in 2017, is entitled “Using vegetation attributes to rapidly assess degradation of East African wetlands”.
(Behn et al. 2018).
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 findings are currently integrated in the decision tools and simulation models to guide future
land use and management strategies.
Activities and key findings
At both “super test sites”, a last year of technology assessment studies were established and harvested within the three
fenced observation and experimental areas. The analysis of production systems and yield gaps and the linkage of
production potentials and to available biophysical resources and household attributes is ongoing, but nearly completed.
In the on-going field activities (final harvest expected in June 2018), potential and actual yields and main yield-limiting
factors are being determined for diverse climatic and edaphic environments. We combine crop growth simulation
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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-temporal-organizational patterns for reengineered land use options (WP B1 and WP D1).
Dynamics of resource availability:
The measurements of spatial-temporal fluxes of water and nutrient elements have been completed in 2017 and are
currently used for calibrating and validating the respective models. Two PhD theses (one on water – Näschen, and one
on nutrient fluxes - Schepp) are expected to be completed in 2018.
Crop management systems:
Data of the survey on agronomic practices, carried out in 2015 and 2016 in Uganda, Kenya and Tanzania, were
compiled in a Thesis at the University of Bonn in 2017. In total, 994 households were interviewed. Key findings comprise
that maize and beans cover about 55% of the agricultural area in the Laikipia wetland of Kenya. In the Inland Valley in
Uganda, a wide range of crops is grown including arrow root, maize and sweet potato. Rice is grown on 2.5% of the
agricultural area. In contrast about 57% of the agricultural area in the Kilombero district are used for rice production. The
agronomic studies in Tanzania highlight the importance and predominance of rice. However, some 75% of the wetland
fields (n=382) are smaller than 1 ha. Tractors for soil tillage are used by 57% of the households. Varieties (n= 325 fields)
are predominantly (85%) of local origin, although improved varieties are available. Less than 12% of the farmers use
fertilizers. Mean grain yields are <2 t/ha, however varying strongly in space (soil type and hydrological condition)
between farms, but also (in some instances even more) within field plots. The type, intensity and frequency of weeding
interventions explains most of the observed yield variability. The application of mineral N fertilizers and the building of
field bunds provides yield gains or reduces the large yield variability only in the drought-prone fringe positions of the
floodplain. This site-specificity of suitable intervention strategies is a key input in the on-going calibration of crop growth
models and the development of the decision tools.
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.
Activities and key findings
In joined activities by the social anthropology, the economics and the public health groups assess the social-cultural and
economic dimensions of wetland uses 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, and were completed in 2017. Thus, the overall risk associated with
different Agricultural Land Use management Systems (ALUMs) in East African wetlands was assessed and key drivers
were identified. Also, the analysis of technical efficiency in wetland maize and rice production and profit efficiency among
wetland vegetable farmers was completed.
Agricultural Land Use Management Three key Agricultural Land Use Management Systems around East African
Wetlands were identified: Wetland only, Upland Irrigated and Upland rainfed. The system associated with greater risk to
wetlands was the Upland-Irrigated system, followed by wetland only while the upland rain fed system was associated
with least risk to wetlands. These risks originated from the following agricultural intensification practices in the order of
severity: the use of pesticides, continuous cultivation and use of inorganic fertilizers. As a result, East African wetlands
are being increasingly exposed to risks of being degraded and their capacity to generate ecosystem services
compromised. The choice of the ALUMs was significantly driven by market forces, population driven land scarcity,
infrastructural development, household wealth and education level. In Kampala’s valley fringes, on the other hand, the
agricultural use of wetlands has to be understood in the context of ongoing land–dynamics, that drive people into
swamps for agricultural production, while the affluent middle–class is increasingly buying up land in the peri–urban
zones.
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Technical efficiency From the assessment of the technical efficiencies of wetland farmers under the different ALUMs it
emerged that rice and maize farmers were technically inefficient, with the highest technical efficiency (TE) score (52%) in
maize production experienced under the upland-irrigated system while the lowest (38%) was under upland-rain fed
system. The TE score for rice producers was 59%. TE in maize production was positively influenced by the level of
education, farming experience, and female gender. In rice production, the level of education, off-farm income, and group
membership were the major positive determinants of TE while distance to extension services provider influenced it
negatively. With regard to the profit efficiency analysis in wetland vegetable production, the mean profit efficiency was
59% and 41%, with approximately Ksh.341, 405 and Ksh 287,352 (1 EUR = 110 Ksh.) profits lost from inefficiency for
tomato and spinach respectively every year. Increase in land size by 1% reduced profit by 0.33% and 0.61% for tomato
and spinach. To operate on the level of the most efficient farmer, vegetable plot size could be reduced by 26%. Prices of
fertilizer, seeds and agrochemicals significantly influenced profit efficiency. Institutional and socio-economic factors such
as involvement in wetland conservation activities, access to credit, distance to the market and to extension offices, years
of formal schooling and group membership, had a significant influence on profit efficiency.
Social organization and markets: Since 2009, farmer cooperative groups have proliferated in Kilombero, Tansania.
These serve to minimize costs of production and increase access to inputs and markets. Results show a low level of
participation from group members in group activities (meetings, communal farming, group storage and group marketing).
This is because of differentiated individual needs of group members and a lack of ownership or sense of belonging to the
group. Generally, input use is still very low across the valley. Smallholder farmers across the valley, also, tend to sell
their paddy crop at the farm gate which limits their gross returns. Value addition (inputs, transportation, milling, storage)
is costly and would limit their net returns. Finally, competition for wetland resources (land and water) among smallholder
farmers, agro-pastoralists and largescale investors has increased over the last 15 years. This is attributed to population
pressure, increased number of national and international commercial ventures, increased conservation activities, and
political manipulations of land laws and policies which determines access and use from the various user groups. In
addition, in 2017, the anthropology group also conducted a set of activities to supplement previous data collection and to
complete data analysis and the dissemination of findings. Two Master theses were completed in this context in 2017.
Key findings were presented at different international conferences and workshops, and as journal publications.
Meanwhile, the writing up of research findings and the finalizing of the dissertations is ongoing and expected to be
completed in 2018.
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.
Activities and key findings
Floristic classification of wetland vegetation
In 2017 a first syntaxonomic classification of plots collected in Tanzania and Kenya was published in the journal
Phytocoenologia (Alvarez 2017; “Classification of aquatic and semi-aquatic vegetation in two East African sites:
Cocktail definitions and syntaxonomy”).
The outcomes of the previous work have been extended to further plots observations collected in Tanzania and Uganda.
This classification focuses on herbaceous semi-aquatic vegetation (Phragmito-Magno-Caricetea) and pioneer vegetation
of muddy substrates, including weed vegetation of rice fields (Oryzetea sativae). Eleven units are identified and formal
definitions have been designed. The definitions are compiled in an expert system and applied to a vegetation-plot
database (SWEA-Dataveg). Seven units were hereby found in plots from other regions in East Africa. These plots were
used for a further improvement of the definitions and the expert system. A comparison of life forms revealed differences
between the vegetation units: While four units were clearly dominated by tall species with vigorous clonal spread (“clonal
dominants”) other four were dominated by annuals or short-living perennials. In the remaining units, most abundant
species were smaller perennials. While the classification work is still ongoing, preliminary results were presented
international conferences in Freiburg (16th Meeting of the German Working Group on Vegetation databases) and Bonn
(Tropentag).
Invertebrates assemblies and ecological gradients
Data collected on invertebrates, vegetation plots and soil properties in the Ewaso Narok swamp, Kenya, was digitized
and properly formatted for its import to the projects database. Taxonomic lists of invertebrates were pre-processed by
using the R-package taxlist, which has been developed in the context of the GlobE-wetlands project. At the current
stage, information on invertebrates has been analyzed in order to obtain relations between invertebrate species
assemblies, floristic and structural properties of vegetation, hydrological gradients and dominant land uses. Final
outcomes are expected for 2018.
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Land use dynamics in the Kilombero floodplain
For Kilombero wetland, a land use change analysis for the period 1994 to 2014 using Geographic Information System
(GIS) was done. Further fieldwork was conducted from August to September 2017 to examine the impact of land use
changes on provisioning ecosystem services and analyse the existing sustainable land management strategies. Data
sorting and entry have been completed and data analysis is in progress. The research results on valuation of ecosystem
services were presented at the Water management workshop: “The Kilombero case: From catchment to consumer”,
which was held in Morogoro in October 2017. A manuscript on “Stakeholders’ perceptions and Income values of
ecosystem services in the Kilombero wetlands of Tanzania” has been completed and is ready for submission for
publication. A second manuscript on the “Dynamics of land use and its causes in the Kilombero wetland, Tanzania” is
under preparation. Data analysis and writing of the dissertation on valuation of Kilombero wetland ecosystem and the
challenges in its conservation and management were successfully done and completed.
The economic valuation of wetlands ecosystem services in Wakiso District Uganda
We applied the exchange value approach to estimate the economic value of wetland provisioning services in Uganda
and assess the relationship between the capitalized value of these services and observed wetland price. Following the
implementation of field survey in 2016, covering 119 communities and 1107 households, we implemented in the first half
of 2017 the cleaning of the data base and the calculation of key descriptive statistics. This data revealed that the area of
wetlands to which households have access to, is relatively small with an average size of 44.25 ha. The water regime
within these wetlands follow mostly a seasonal pattern (66% of wetland area) and the wetlands area are mostly privately
owned (65 % of wetland area). The high level of privatization of wetlands in our study area contrast with the strong
perception of government officials, who consider wetlands as public lands in Uganda. This distribution of wetlands
ownership is critical in explaining the use of wetlands observed at household level and the associated economic
estimates of wetland services. Ended, from both the focus group discussions and the household survey, the main uses of
wetland in our study area are, in order of importance: the production of crops and livestock grazing ; the extraction of
water ; the extraction of natural vegetation and trees and the extraction of mineral such as clay and sand. Aquaculture,
fishing and hunting are less undertaken by households in our study area. In the second half of 2017, we estimated from
the data base the income, gross value added and resource rent derived from each wetlands activities. We subsequently
implement hedonic regression models to understands the factors which affect wetland price in our study area. The
preliminary results suggest that wetland market price are driven by location variable rather than the ecosystem services
they currently provide. This could be a strong indication of the effect of urbanization on the future use of wetlands in our
study area. We are currently implementing sensitivity analysis and robustness check on the preliminary results. The
writing and discussion of the findings is ongoing and is expected to be done by the end of Mai 2018.
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.
The empirical data collection work has been completed and all samples have been analysed in 2017. Remaining
activities include the validation of the model and the termination and defense of three PhD theses in 2018
Activities and key findings
Water dynamics and quality. Three snapshots campaigns for water and soils were completed in Nyabarongo lower
catchment in Rwanda. Samples were collected in the middle of agriculture main seasons, from March and OctoberNovember (rainy seasons) and July (dry season) 2017. Complete hydrochemical and geochemical analyses were done
for 90 water samples and 108 soil samples. From a preliminary evaluation of results, water is predominantely
characterized by hydrocarbonate in surface water and sulfates in springs and wells. High sulfate levels that can reach up
-1
to 3000 mg.L were observed in some wells downstream the catchment, making water not suitable for drinking and
some domestic activities. Additionally,a variation of water quality in terms of dissolved elements and nutrients throughout
different seasons is observed. For example, nitrate levels in ground water, which is the main source of drinking water in
-1
the catchment, increases from upper to downstream catchment. Highest values (> 50 mg.l ) are observed during the dry
season. Data are subject to further statistical analyses and interpretation in order to characterize processes leading to
water pollution from agrochemicals use in the catchment.
In Rwanda, a master thesis on water balance and agricultural water availability and quality in Nyabarongo Lower
catchment is ongoing. Starting in October, 2017 four wells were installed at the outlets of main rivers feeding
Nyabarongo River. Daily water levels of wells and river gauges were monitored. Monthly ground and surface water
samples were collected and will be analyzed for heavy metals. During fieldwork, pH, DO, EC, TDS and soil moisture
levels were measured. Three river cross-section and river discharge are being measured monthly by float method.
In Kenya, Ewaso Narok wetland, a database was established for all available wells and surface water points and their
water quality. Geological records combined with well drillings, and measurements on the field were gathered and used to
build geological and hydrogeological maps. The results of the water sampling campaign combined with historical data will
be used for statistical analysis and as input parameters in a modeling program to better understand the trend of chemical
evolution of pollutants by quantification along the stream and the wetland. Water quality results were compared with the
standards needed for human consumption and crop production. Results show that not all water is suitable for drinking or
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even irrigation purposes. A very high level of Fluoride exists in both the surface and ground water and can be attributed
mainly to the type of rocks. Four wells had higher nitrate than the allowed limits of the Kenyan drinking standards of 50
-1
mg/l NO3 . Preliminary results so far from the geological, hydrogeological maps, analysis and isotopes results show that
the wetland has two aquifers (perched and deep aquifer), which are fractured and weathered. The main rock types
making up the catchment are phonolite, trachytes, and basalts. The major process controlling groundwater chemistry is
silicate weathering. There are two potential sources of recharge of groundwater; local and regional. The regional
recharge occurs in high altitudes and reaches Ewaso Narok wetland by lateral flow of groundwater. The surface water is
a mixture of surface and groundwater. Thus, Ewaso Narok wetland is identified as a discharge area both in term of
quality and quantity of water. The similarity of results between the dry and flood sampling shows a clear connection to
the perched aquifer, and that the exchange with the river water happens quickly hence evaporation is not vivid. The
contribution of flash floods and ephemeral streams is clearly detectable in depleted values of both stable water isotopes.
Falling-head permeability tests, which were conducted in piezometers in Ifakara (Tanzania) and Namulonge (Uganda),
were evaluated and interpreted. Based on different graphic evaluation methods, evidence that the tests are influenced by
hydraulic short-circuits due to defective seals and by the effect of storativity were examined. Therefore, numerical models
were used to simulate the flow processes during infiltration of water. The preferential flow paths were identified. Based
on sensitivity analyses, it was ascertained that the storativity has a significant influence on the evaluation of falling-head
permeability tests.
The spatial distribution of fluoride concentrations in groundwater of the Ifakara study site were investigated and the
highest fluoride concentrations were determined in the Neogene pale sand patches outcropping in the central part of the
study site. Moreover, slightly increased fluoride concentrations occur in the east parts of agricultural areas. The origin of
fluoride cannot be determined assuredly due to the heterogeneous geology at the study site. However, the fluoride
saturation plot indicated that fluoride is under-saturated. Thus, fluorite will be enriched by desorption processes.
Furthermore, deepest wells exhibit the highest fluoride concentrations which lead to the conclusion, that fluoride is also
enriched by ascending mineralized deep water.
The climate input data for the SWAT model of the Kilombero Catchment (Tanzania) was exchanged except for the
precipitation data. The simulated climate parameters from the LARSWG weather generator were replaced with an
ensemble mean of six different model runs of CORDEX (Coordinated Regional Downscaling Experiment) Africa data.
SWAT model results show that the floodplain wetland is highly dependent on mountainous water resources of the
surrounding catchment. Climate change scenarios as well as land use change scenarios for the Kilombero Catchment
are prepared with CORDEX Africa data and the IDRISI Land Change Modeler respectively. The detailed analysis with
regard to the impact of these scenarios on water resources is still ongoing.
Resource fluxes. In 2017, we started to study the effect of different land uses on soil C and N dynamics and on soil CO 2
emissions in the Ewaso Narok wetland in the semi-arid part of Laikipia District, Kenya. The wetland was previously used
for large scale ranching and nomadic pastoralism. Since then, the landscape has been slowly transformed into a high
density small-scale farming area, dominated by three land use types (pristine land, cropland and pastures). The aim of
the study is to determine possible differences in total C and N content in the soil between pristine areas of the wetland
+
–
and cultivated land, and to quantify changes in soil CO2 fluxes and in soil nitrogen (NH4 and NO3 ) availability as a result
of change in land use.
Soil Carbon characterization for the profile samples in the Ugandan inland valley and the Tanzanian lowland floodplain
has been done using density separation into the carbon pools of free light C (fLF), occluded particulate organic matter C
(gLF) and mineral associated organic matter C (Min). These three fractions of OC represent different decomposability of
organic matter. Data shows, that most organic C is stabilized in the mineral associated fractions, the less decomposable
part of SOC (Figure 1, Appendix). This is true to all six sites (three in Uganda, and three in Tanzania). The total C stocks
correlate with the Redox-potential (Eh) observed in the years 2014-2016. This result indicates, that most C is stored
under drier conditions, because of the high tendency of organic C to bind to iron-(hydr-)oxides. These are less mobile
under aerobic conditions and therefore stabilize C under more aerobic conditions. All profiles show low stocks of free
light C, and this just in the first 30-40 cm of the soils. This indicates fast decomposition of freshly organic C inputs (Figure
2, Appendix).

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
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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. Key finding point towards a high
site specificity of the effectiveness and the social and ecological benefits of diverse technical options. These findings are
currently prepared for publication and are integrated in the different models.
Activities and key findings
Experiments on lowland rice and maize were conducted in Uganda (Namulonge inland valley swamp) and Tanzania
(Kilombero floodplain). Additional activities were started in bopth maize- and rice-based systems in Rwanda in 2017.
In June 2017 the Central Field Experiment (CFE) on rice in the Uganda inland valley site was harvested after the short
rd
rainy season (SRS) for the 3 time Data collection was completed and all samples were analyzed in the laboratory.
Additional data was obtained for soil, soil moisture and climate data to further understand rice yield formation and
development. In September 2017 key results were presented at Tropentag 2017 at Bonn University. Grain yields were
not affected by the valley position i.e. center, middle and fringe (Table 1, Appendix). Mean yield under farmer´s
-1
management was 2.1 t ha (Figure 3, Appendix). Additional weeding and building of field bunds increased yields on
-1
-1
-1
average by 1.1 t ha . Mineral fertilizer (60 N kg ha ) increased yield by about 0.7 t ha independent of the kind of
-1
-1
fertilizer applied, i.e. mineral or organic. Maximum attainable yields were 6 t ha , indicating a yield gap of about 4 t ha .
-1
Organic amendments (chicken manure and green manure) resulted in average yields of 4.9 t ha , suggesting a
promising alternative option to replace mineral fertilizers.
In 2017 the maize trial in Uganda was conducted for the fifth time, including different soil fertility treatments in three
hydrological zones (valley positions). Key findings were presented the Tropentag conference in Bonn and theare being
-1
prepared for publication. The average maize grain yield was 3.8 t ha (Table 2, Appendix), thereby largely exceeding
(+60%) the national average of uplands. The center of the inland valley showed the greatest potential for producing dryseason maize. Due to more regular water supply, total biomass and grain yields were significantly higher in the center
compared with the middle and fringe zone. Organic fertiliser application using green manure (Lablab purpureus) and
poultry litterproduced maize yields comparable to the application of mineral N fertilizer.
In the Kilombero floodplain of Tanzania, the third year of the Central Field Experiment was completed 2017.. In May
2017 a farmer field day was organized and was attended by 60 farmers. During that field day farmers, village leaders,
researchers and agricultural advisers had the possibility to learn details about optimized rice production in wetlands.
Farmers were introduced to the different management practices expected to help them to improve rice production. The
event was widely reported in the local newspaper (i.e., http://mtanzania.co.tz/kilimo-cha-mpunga-kilomberokuwakomboa-watanzania/. From September-December 2017 the post rice crops (maize, cowpea and Stylosanthes) were
established for a last assessment trail. Research results were presented at the Tropentag Conference 2017 in Bonn. The
-1
-1
-1
average rice yield was 5.5 t ha . Highest yields were recorded in the fringe (6.1 t ha ) followed by the middle (5.5 t ha )
-1
-1
and the center positions(4.6 t ha ), respectively. Mineral fertilizer application resulted in rice yields of 6.7 - 8.7 t ha .
-1
Organic amendments (cowpea, lablab, cow manure, Stylosanthes and azolla) yielded 7.1, 5.8, 5.7, 5.6 and 4.6 tons ha ,
-1
respectively. Zero N fertilization with bunding and levelling resulted in grain yields of 4.8 t ha , while farmers’ practice
-1
provided only 3.2 t ha . The interactions between treatment and hydrological position are shown in Figure 4, Appendix.
The overall results clearly show that there is a considerable gap between actual and attainable rice yields. Given the
importance of the region for the national rice production in Tanzania, well elaborated extension activities will be needed
to improve rice productivity.
Data collection from rice experiments both in Uganda and Tanzania were completed in 2017. In the following, the
extensive field data base was employed to calibrate and validate the APSIM-Oryza model to simulate attainable yields,
responses to water and nutrient stresses and differing hydrological conditions. The APSIM (Agricultural Production
Systems Simulator) is a dynamic daily time-step model that combines biophysical and management modules within a
central engine to simulate cropping systems, and soil water, nitrogen and their interactions within crop/management
systems. Phenological data on rice flowering and maturity dates for the rice cv. NERICA-4 used in Uganda and the rice
-1
cv. TXD-306 used in Tanzania were used to determine the cultivar-specific development rate parameters (in °C d ) as
well as field biomass partitioning (leaf, stem, panicle) was used to determine partitioning factors as a function of
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development stage. The APSIM-Oryza model simulates attainable yields well. However, complex genotype x
environment x management interactions are not well simulated yet. The hydrological zoning is yet to be implemented
using soil moisture measurements (30 cm depth) provided from another project group.
In the line with the objectives stated above, activities on rice and maize also started in 2017 in Rwanda. Research
activities were supposed to be based on Rugeramigozi Wetland. However, since agricultural activities had already
started, soil samples could not be taken before seeding activities. Therefore the working site was switched to Kabuye
Wetland. Farmer were interviewed to gather necessary information. First data were collected on area cultivated,
management’s practices and GPS. Soil samples were collected and stored in UR-CST laboratory complex. A second
coworker is working on spatial variability and yield limiting factors on maize production in the Muyumbu Wetland in
Rwanda. The mapping of the new study area has been conducted and the student has collected the soil samples of the
new working site. Analysis are ongoing. Three PhD and four MS theses are in preparation and will be completed in 2018
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 have been 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).
Activities and key findings
Soil chemical analysis of samples taken at the Namulonge rice test sites in the years 2014 to 2017 were evaluated partly
+
2+
2+
in terms of agricultural indicators, such as C, N, P , K Ca and Mg . The strong disturbance of the soil in led to a
decrease of C and N in all treatments between the time before the installation and the second season of rice growth,
2+
2+
except for plant-available P While Ca and Mg were increasing from the first application in the fringe position, they
+
were decreasing in the other two hydrological positions. The content of K was decreasing in the fringe positions only
(Figure 5, Appendix). Aanalyses is still ongoing and will be completed in 2018
.
The Eh measurements were finalized in 2016 and were evaluated in 2017. At both central field sites, i.e. Namulonge
and Ifakara, depth gradients of the redox potential were found, with higher Eh near the surface than at greater soil
depth). Unexpectedly, there was no apparent Eh gradient across the hydrological positions in the floodplain. However,
the fringe and the central positions of the inland valley were characterized by higher Eh than the middle positions. In the
fringe area this was due to the lower water table, allowing air entering the soil. In the area close to the central stream, we
found a high O2 content, which led to the higher Eh levels here (Figure 6, Appendix).
During both rainy seasons in 2017 the nitrate concentration in the soil solution was measured at different slope positions
as well as in surface runoff and interflow water in the Ugandan inland valley. Soil moisture and water inflow from surface
runoff and interflow water were quantified. A second campaign of electric resistivity tomography (ERT) measurements
was conducted to investigate the deeper soil layers, and to cover the entire transect from the wetland up to the top of the
slope. The infiltration rates of the A, B and C horizon were determined at different slope positions for all land uses. The
influence of the land use on nitrate concentration in the different hydrological components was obvious for both rainy
seasons, with highest nitrate fluxes from bare or agriculturally-used slopes than from those under semi-natural
vegetation. Nevertheless, trans-location of nitrate towards the valley bottom was not dectable within the wetland,
suggesting rapid N losses within the wetland. The ERT measurements point to an 8 m thick layer with high resistivity,
corresponding probably to a layer of saprolite on the valley slopes. Below this layer resistivity is low, suggesting a deeper
(second) aquifer within a layer of highly weathered quartzite and the subsequent upwelling of water at the fringe of the
wetland.
The results of the bi-weekly determination of GHG fluxes and bi-weekly soil sampling for determination of mineral N
dynamics at the Namulonge and Kilombero test sites were further evaluated in 2017. In general, the GHG measurements
from all three test sites (Uganda rice, Uganda maize, Tanzania rice) showed higher emissions in the first compared to
the second or third year of cropping. This trend can be explained with the sudden exposure of large amounts of carbon to
oxic conditions after land use change, which led to fast mineralization. In the second year, the carbon and nitrogen
availability decreased, associated with decreasing GHG emissions. The Global Warming Potential Index (GWPI)
-1
expressed as kg CO2-eq ha of the Uganda rice treatments, indicates that the centre position of the valley can be
recommended for agricultural use, while cultivation of the middle position of the wetland results in a high GWPI (Figure
7).
In the frame of the study on anthropogenic disturbances and the effects of agro-chemicals on environmental quality, two
field sampling activities were conducted in 2017 in the lower Nyabarongo catchment in Rwanda. We used LC-MS/MS
analyses for detection of polar pesticides (e.g., organophosphates, carbamides, phenilamides) in water samples. For
soil samples, additional GC-MS analyses of non-polar pesticides (organochlorides) were performed. Results show a
generally low or not detectable content of polar pesticides in most soil and water samples. During the rainy season, ˂
1μg/L of Metalaxil, Diuron and Isoproturon were detected in surface water samples. In addition, Metalaxil residues were

11

GlobE - Wetlands

Annual progress report 2017

______________________________________________________________________________________
detected in soil samples during the rainy season only, whereas no residues of polar pesticides were detected during the
dry season. In contrast, significant amounts of residues of non-polar pesticides were observed in soil samples during
both dry and rainy seasons. The detection of polar pesticides in surface water during the rainy season could be
explained by a higher input and a frequent application of pesticides in intervals of about four days during the rainy
season.
In addition, the water balance was established and the agricultural water availability and quality were determined in the
Lower Nyabarongo wetland, Rwanda. For this purpose, the catchment was divided into micro-catchments. Shallow
groundwater and surface water were sampled at seven sites in the lower Nyabarongo catchment. Soil moisture and
water level of the constructed wells were recorded. Furthermore, recording of representative river gauges and of water
table fluctuations started in 2017 and are still in progress. All activities will be completed and prepared for publication in
2018.
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.
Activities and key findings
The main activities in 2017 involved behavioural modelling of farmer’s land use decision and calibrating our agent based
model (WetABM). To understand the state of agricultural intensification and its role, it is important to identify the contexts
in which farmers operate and factors that influence their decision making. Our central focus is investigating how farm
households make their intensification decisions when multiple pathways tailored to the agro-ecological potential and
production systems of floodplains are available. We specifically focused on four land saving intensification strategies
practiced in KVFP, mainly 1) use of chemical fertilizers, 2) use of improved seed, 3) implementation of small-scale
irrigation system, and 4) increasing frequency of planting. Complex interdependencies between determinants render the
analysis of farmer’s choice of multiple intensification options difficult. A combination of data driven Bayesian Belief
Network (BBN), Nearly Orthogonal Latin Hypercubes (NOLH) for sampling and regression tree modelling was employed.
With the push for increased agricultural production from the existing agricultural land in the background, we observe
there is still room for farmers for more intensification in the KVFP. Among the variables hypothesised to drive
intensification, age of household size, farmer type, distance to the nearest big market, household commercialization
index and per capita income level were the main variables significantly affecting the probability of intensification. In
addition, the choice of a specific intensification strategy responds differently to these determinants (Figure 8, Appendix).
For example, application of improved seeds is influenced by the share of non-farm income, age, household size, and
distance to the market and farm size. The results of the study were also presented in International conference on
Sustainable development (Colombia University, New York) and at the Tropentag Conference 2017 in Bonn.
The second main activity during 2017 was the specification and calibration of decision-making mechanisms of the
agents. Understanding land use decision, specifically intensification decisions in floodplains requires a broad-based
approach, which considers a diversity of pathways and flexible enough to be adapted at region, village and farm level. To
this end, we used the BBN as a mental decision making framework for the agents through tight coupling with WetABM.
Combining the BBN with an Agent based model provides a flexible approach using complementarities between the two
models. While BBN reduces the theoretical and computational challenges by providing probabilistic agent decision rules,
the ABM provides the temporal dynamics to the BBN approach by representing the BBN nodes as state variables within
the ABM. In addition, BBN is used to represent agent learning from experience through dynamically updating the
conditional probability tables. The model distinguishes different modules: initialization module, farm module, land space
module, decision making module and result collection module with further sub modules that provide specific functions
and behaviours related to the main modules. For instance, the farm module assigns attributes (characteristics) of the
farm households (ID, household size, labour endowment, assets, list of farm plots, location, farmer type, crop type
produced, etc..). Farmer attributes are parameterised based on Bayesian sampling of our survey 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. The 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 using the BBN. 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 (Topographic wetness index). This module also takes into account the interaction between the farmers through
market and prices.
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Both the ABM and the BBN are written in Java, using the Repast Symphony development environment and Netica API
respectively. Setting up the environment space (the landscape), populating the cell attributes, characterising the farm
agents, creating their representation, linking agents to the landscape, and calibration of the decision making is completed
Figure 9 and 10, Appendix show the calibrated land use and probability of intensification of Idete ward]. The next step in
the modelling process is validation of both the BBN and ABM using a new survey data [panel] collected from the KVFP at
the end of 2017. Once the model is validated, it will be used as a virtual laboratory to perform experiments on the effects
of different 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.
Activities and key findings:
The database has been moved to the University of Bonn due to technical problems with servers at Makarere University
in Kampala.
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.
Activities and key findings
(i) Scenarios and storylines: The storylines have already been defined in 2016 (see annual report 2016 and no further
activity was required in 2017.
(ii) Climate variability: In 2017, daily rainfall observations from two of the “Wetlands” supersites, viz. Ifakara (Tanzania)
and Namulonge (Uganda) as well and several stations in Ethiopia were added to the extensive East African station
database. In addition, meteorological measurements from the automatic weather stations, which are operated in the
framework of “GlobE Wetlands”, were subjectively quality checked, reformatted, and made available to the other working
packages. A new method to derive the onset and retreat dates of the different rainy seasons was developed in 2016. The
method was also already applied to determine which rainfall climates prevail in the different parts of East Africa (e.g.,
unimodal or bimodal rainfall seasonality), and to determine climatological onset dates of, e.g., the long rains or the short
rains (see annual report 2016). In 2017, minor improvements with regard to the methodology were implemented. The
method was then used to determine onset and retreat dates for individual years. It was applied both to satellite-based
rainfall estimates from CHIRPS (Climate Hazards group Infrared Precipitation with Stations) and to station data.
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For Namulonge and Ifakara, the onset and retreat dates obtained from the satellite and station data set generally show a
good agreement (Figures 11 and 12, Appendix; numbers 56 and 106, respectively). However, it was found that the exact
onset and retreat dates do not always match the calendric definition of rainy seasons both in Namulonge (i.e., bimodal
rainfall seasonality with rainy seasons in March–May and October–December) and Ifakara (i.e., unimodal rainfall
seasonality with one rainy season in November–April). On the one hand, the calendric definition of the long rains
(March–May) seems to be valid for Namulonge. On the other hand, the results show that the short rains (October–
December) actually already start in mid-August in Namulonge (Figure 11, Appendix), and that the rainy season in Ifakara
does not start before the end of November (Figure 12, Appendix).
Regarding long-term trends in the period 1983–2013, a negative trend towards drier conditions was found for Ifakara. For
Namulonge, no rainfall trends were detected for the period 1983–2013. The results also indicate, that the onset and
retreat dates of the rainy season in Namulonge and Ifakara did not shift in time during the same period.
(iii) Regional climate change scenarios: The six regional climate model (RCM) runs that have been selected from
CORDEX (Coordinated Regional Climate Downscaling Experiment)-Africa (http://cordex.org/domains/region-5-africa/) in
2016, were processed in 2017. Processing of the selected CORDEX-Africa RCM data included the following steps:
a.
b.
c.

Download of all variables that are needed for hydrological modelling, i.e., precipitation, temperature (minimum
and maximum), relative humidity, wind speed, and incoming solar radiation.
Bias correction of temperature and precipitation data.
Conversion of all data from NetCDF (Network Common Data Format) to ASCII (plain text) format, which can be
directly used as input for the hydrological model.

Data was downloaded for the historical (1951–2005) and for the future periods (2006–2100). The climate projections
were acquired for two scenarios, namely the RCP (Radiative Concentration Pathway) 4.5 and RCP 8.5 scenarios. These
-2
st
scenarios assume a radiative forcing of 4.5 and 8.5 W m at the end of the 21 century in comparison to the preindustrial
level. The bias correction had to be restricted to temperature and precipitation (see processing step b.) due to the
availability of suitable observations. Moreover, these variables are the most relevant for the hydrological model. For the
CORDEX-Africa grid point closest to the station Namulonge (Uganda), all available temperature (minimum and
maximum) and precipitation measurements of the station for the period 1951–2005 were used to correct the model data
via linear regression (temperatures) and empirical quantile mapping (precipitation). For bias correction of the projections
it was assumed that the bias in each model is the same as in the historical simulation period. The bias-correction for the
Kilombero valley followed the same procedure except for two differences: (1) The region that was used for hydrological
modelling comprises several CORDEX-Africa grid points. Thus, the bias correction was carried out for several grid
points, where station data was available. However, sufficient data was only available for precipitation. Therefore, (2) the
bias correction of temperature in the Kilombero valley was achieved by correcting for the differences between the mean
annual cycle of 11-day running mean minimum and maximum temperatures from the ERA-Interim reanalysis and the
same mean annual cycle from each CORDEX-Africa model in the period 1979–2005. Due to the different horizontal
resolutions of ERA-Interim and CORDEX-Africa models (namely 0.75° vs. 0.44°), the topography differs in both data
sets. To account for this difference, the bias correction of temperatures was based on potential temperatures on the 700hPa level. For Namulonge, the quality of the bias correction is exemplarily shown for precipitation by comparing the
mean monthly precipitation in the period 1951–2005 before (Figure 13, Appendix) and after bias correction (Figure 14,
Appendix). This shows that the bias correction effectively corrects excessive precipitation amounts and a partly wrong
seasonality in model data.
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.
Activities and key findings
Conceptualizing and prototyping the wetland-decision making model was the main work focus in 2017. We decided to
use SIMPLACE as the framework for developing the decision tool, not only because we have used it in previous
modeling exercises in GlobE Wetlands and other projects, but also because it contains ready-to-use libraries for userinterface design and data management which hence didn’t have to be programmed from scratch. The hired software
developer was partly involved in developing these libraries. The final version of the decision tool to be delivered in
autumn 2018 will consist of three components: (1) a georeferenced database containing expert knowledge, scenarios
and simulations, (2) a knowledge-management middleware applying decision rules for processing database information
and guiding the user through the decision-making process, (3) a user interface for East-African wetland policy advisors
serving as an intuitive access to the decision making tool.
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Map functionalities were programmed for displaying spatio-temporal information of general East-African country
statistics, hunger and wetland type distribution based on a classification scheme developed at the beginning of the GlobE
Wetlands project. Corresponding data requirements were specified and the PhD student collects this information in EastAfrica. Activity diagrams were sketched to develop an initial understanding of what wetland policy advisors might expect
of the user-interface functionality. Prototypes were programmed and critically discussed. The application of different
decision model schemas was reviewed and we decided to apply a Bayesian method for defining decision rules. The
wetland decision tree presented in earlier reports was critically re-assessed and structured based on latest expert
knowledge. The tree is used for determining the sequencing of decision levels in the tool. We took distance from an initial
idea to use state-of-the-art database standards for storing and retrieving information, because maintaining such
databases would negatively affect the usability and performance of the decision tool. After exploring different options, we
decided to use Excel spreadsheets for this purpose. A corresponding input scheme was developed.
Following the agile-software development concept, we are developing the tool based on frequent exchange between the
involved stakeholders to avoid misunderstandings as far as possible. This includes two visits with the actual end-users in
East-African wetland policy institutions scheduled to take place in June and October 2018.
Modeling studies were carried out with less intensity as in previous years due to the necessity of developing the wetland
decision tool. Based on experiences collected with initial simulations of wetland vegetation-hydrology interactions in
SWAT and the necessity to link this biophysical model with a multi-agent model developed by the economy group, we
decided to interface SWAT with the SIMPLACE framework. Programming requirements were defined. The hired software
developer started programming and documenting this interface. Linking hydrology models with SIMPLACE crop
modeling solutions will be particularly emphasized. This includes utilizing the functionality of the ORYZA model which
has been recently transformed into Java and supplied with a SIMPLACE interface.
The PhD student finalized her yield-gap experiments, statistically analyzed its data and calibrated rice and maize crop
models implemented in APSIM. Calibration included biomass and yield data obtained under controlled nutrient-deficit
conditions in three characteristically different hydrological zones distributed across the two supertest-sites in Ifakara and
Namulonge. The calibrated crop-model is currently used for calculating management and possible climate change impact
scenarios on biomass growth and yield of both selected crops. These simulations serve as a basis for the PhD thesis of
Mrs. Grotelüschen. Model parameter values obtained during the APSIM calibration exercises are used in the ORYZA
and LINTUL5 crop models of SIMPLACE for calculating the effect of hydrological regime on crop growth and optimizing
management using coupled hydrology-crop models of SWAT and SIMPLACE. Multi-agent models developed by the
economy group in REPAST will be linked to this biophysical model through a dedicated interface which will be
programmed by the hired software-developer in 2018.
Planned deliveries for 2018 are the documented decision making software, a biophysical wetland model linked to an
economic model, and journal publications.

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.
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Activities and key findings
Integration work during 2017 was marked by a transition from conceptualizing linkages between the different disciplines
in “Wetlands” for forming an integrated wetland model towards the development of two software solutions. It was already
mentioned in the previous report that a lack of coherence between research activities at the supertest sites in Namulonge
and Ifakara made the development of an integrated model a difficult task. We must also acknowledge that establishing a
necessary balance between model components was hampered by the difficulty of mixing descriptive and quantitative
approaches applied in the different research fields which range between selected empirical medical research and
hydrological physics. These difficulties were not expected at the start of the project. A key finding is that an integrated
study involving modeling must start with the joint formulation of a model structure which drives the research process, not
vice versa. Foreseeing this development in 2016, we proposed (A) to utilize expert knowledge gained by the research
units of GlobE Wetlands to develop decision-making software and (B) to couple quantitative methods developed by the
agronomy, hydrology and economy groups to form a computer model which can be used for simulating atmospherevegetation-soil-hydrology interactions in wetlands under defined economic boundary conditions. This concept was
presented and subsequently endorsed on an advisory-board meeting which has taken place in Kigali, Rwanda on
November 5, 2016. Developing decision-support software must be based on assessments of user expectations, decision
criteria, data requirements, research deliveries and software design options. It is the task of the software to translate
research findings of GlobE Wetlands into the experience context of its users. User interface design is hence largely
determining the success of the tool. Following the general concept of GlobE Wetlands we decided to target our softwaredesign efforts at expert advisers employed by national wetland policy institutions. A Kenyan PhD student was recruited
and a professional software developer were hired in 2017 for this purpose.
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.
Activities and key findings
A systematic analytical literature review on exposure to malaria, onchocerciasis, schistosomiasis, diarrhoeal diseases,
typhoid fever and trachoma and wetland uses, related health risk factors, and transmission pathways has been
published. A second publication concluding that socio-cultural and behavioral considerations regarding the wetland users
are not sufficiently evaluated and should receive increased attention in future investigations has been published online in
December 2017. The research on mental and social health aspects, which was carried out in Uganda 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 play an important role in social health. For men in their middle ages it is very important to own
land, to build a house and 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.
In 2017, data analysis of the qualitative, anthropological fieldwork has been finalized and the PhD thesis is expected to
be completed in 2018. The findings show a strong link between the access to agricultural land and health seeking
behavior with regard to malaria. The ways in which local smallholders access the health care system and deal with a
malaria infection is highly influenced by their access to land and the economic resources derived from there. Through
ongoing redistribution of land in the region, people increasingly rely on wetlands in order to sustain a financial income,
which also exposes them to malaria vectors. Furthermore the findings reveal a discrepancy between the local
conceptualization of malaria and the biomedical understanding of the disease, which is reflected in the evaluation of
disease symptoms and the choice for health-care options among farmers in the Namulonge area.
The study in Kenya on the effect of diarrheal diseases on farmers’ households in wetlands could show that farmers
spend many hours to reach health facilities in case of severe illness. As a hospitalized patient requires a caretaker of the
family to be present, the farmers face a reduction in labor force and struggle additionally with the out of pocket
expenditures for the illness treatment. Often women and girls are often the responsible caretakers which results in
substantial school absenteeism rates. The thesis will defend in early 2018. The study in Rwanda is investigating the
potential for Schistomiasis transmission in the Nyabugogo wetland. In 2017 the ethical clearance for the sampling of
human stool was obtained and the first snail sampling campaign was conducted. The thesis is expected to be submitted
in 2018, covering data from several seasons.
The outcome of the research on physical and mental health effects of wetlands is used to develop a guidance document
for a Health Impact Assessment in wetlands. Works has started in 2017 and will be comüpleted in 2018. The results
obtained so far have been presented at the Water Management Workshop - The Kilombero case: From Catchment to
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Consumer in Morogoro, Tanzania (9.-10.10. 2017). This workshop was jointly organized by the working groups
Hydrology, Hydrogeology and Health and attended by 34 participants. The workshop supported the result dissemination
of the wetlands project and the transdisciplinary dialogue with loka Tanzanian stakeholders, regional representatives of
East Africa and international researchers that are working in the Kilombero valley.
Carmen Anthonj successfully defended her PhD thesis: Mosquitoes and Maladies among Men using Marshes
(http://hss.ulb.uni-bonn.de/2017/4898/4898.htm). Sophie-Bo Heinkel will defend her PhD thesis: Therapeutic effects of
wetlands on mental well-being, in the first half of 2018. Both PhD students have been presenting their research at the
12th Annual Meeting of the Society of Wetland Scientists European Chapter in Faro, where Sophie-Bo Heinkel won the
presentation award. Also, a paper titled: Small-scale farming and the political ecology of health in the urban fringes:
malaria and health seeking in Uganda, has been presented by Matian v. Soest at the Workshop of the AG Medical
Anthropology at the University of Münster, Germany.
Having used the Liverpool Malaria Model (LMM2010; see annual report 2016), the more sophisticated malaria model
VECTRI (VECtor borne disease community model of ICTP, TRIeste) was employed to calculate malaria transmission for
the four study areas (Figure 15, Appendix). VECTRI and LMM2010 do not indicate malaria transmission for Rumuruti.
For the other three regions compared to LMM2010, VECTRI shows a reduced variability of malaria transmission.
VECTRI simulates the highest transmission rates for Ifakara, followed by Namulonge and Kigali. A possible explanation
for the large differences between LMM2010 and VECTRI is the different response of the models to the rainfall input. In
terms of malaria seasonality, the results using VECTRI also differ compared to the LMM2010 (Figure 16, Appendix). For
Ifakara, the VECTRI runs show a much stronger and mostly year-round malaria transmission season. Both models see
the main transmission between January and June. Regarding Namulonge, the monthly transmission values of VECTRI
are frequently lower than that of LMM2010 and VECTRI also reveals a much lower intra-seasonal variability. About the
same is true for Kigali with a year-round transmission, but between August to October the transmission is predicted to be
low. Finally, future climate projections from CORDEX Africa were used to simulate future malaria conditions (Figures 1720, Appendix). In Rumuruti a warmer climate leads to more suitable malaria transmission preconditions at this high
altitude (Figure 17d, Appendix). Regarding Ifakara, models indicate a longer malaria transmission seasons (Figures 19a
and 20a, Appendix). However, only VECTRI reveals a stronger future malaria transmission (Figure 17a, Appendix). For
Namulonge and Kigali, both malaria models simulate higher transmission values in the future (Figures 17b, 17c, 18b, and
18c, Appendix), but only VECTRI reveals longer malaria seasons (Figures 20b and 20c, Appendix).

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.
Activities and key findings
D3a: Delineation of wetland areas
In 2017, soil moisture spatio-temporal assessment was performed for the three hydrological zones. Roughness
parameters that are critical in soil moisture retrieval were formulated using a semi empirical model. Soil moisture was
estimated from the simulated roughness parameters using the DLR (TerraSAR-X) and MDA (RadarSAT-2) backscatter
coefficients. At catchment scale, the temporal and spatial variability of modelled (ERA-Interim, FLDAS NOAH and
FLDAS VIC) and satellite based (SMOS) soil moisture were analysed. Due to the varying values in the different products
owing to different retrieval methods, a consensus moisture product was generated by combining the global moisture
products using triple collocation and least square merging techniques. NDVI is an indicator of vegetation growth and is
thus applied in agriculture and food security assessment situations. In the current study, MODIS-NDVI was assessed
against the merged soil moisture products to test the integration of soil moisture missions in agricultural applications at
the catchment scale (Figure 21, Appendix). The SOS falls mainly between the first two weeks of November while the end
of the season is mainly in the first two weeks of September. This is consistent with the rainfall patterns in the area
whereby the rains begin in November/December and the fields are dry in August/September. We found a time lag of
approx. two months between the peak of the soil moisture (catchment average) and the peak NDVI.
Flooding frequency was assessed based on multitemporal optical Landsat imagery. Due to extensive cloud cover, optical
data cannot sufficiently resolve the flooding regimes. An improvement is expected from combined Landsat and Sentinel2 datasets, as their combined use will increase observation frequency. This, however, will not resolve the existence of
clouds. Maximum flooding extent was calculated from multitemporal Sentinel-1 SAR images. We used a time series
covering the rainy seasons (April-June) of the years 2014-2017 as these are covered by Sentinel-1. Due to the SAR
capability to penetrate clouds, a dense time series is available. Water results in very low backscatter values. Hence, we
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generated a water/non-water mask based on the multitemporal minimum of the time series by applying a threshold. An
overlay of maximum flooded area and cropland area shows that parts of the regularly flooded wetland are already used
as cropland (Figure 22, Appendix). Please note that the flooding is more pronounced to the east where the water is
locked near Ifakara as compared to the western part of the floodplain. The work is documented in a thesis completed in
2017 by L. Rottmann (Identifikation periodischer Überschwemmungsgebiete im Kilombero Tal, Tansania. Eine
Fernerkundungsanalyse in Google Earth Engine. University of Bonn, Germany) and will be documented in the submitted
PhD thesis by F. Kirimi that will be defended in 2018 (Remote sensing-based assessment of land cover and soil moisture
in the Kilombero floodplain in Tanzani)
D3b: Land-cover & land-use mapping
Activities are completed. The method has been improved and refined in 2017 and the validation indicates good results.
The workflow to estimate potential wetlands in East Africa has been submitted for publication. Also the PhD thesis of E.
Amler on “Multi-sensor Remote Sensing of wetlands in East Africa” has been submitted.
D3c: Mutli-temporal reconnaissance flights
Field work, data processing and analyses have been completed in 2016
D3d: Development of a land-use and land-cover change (LULCC) model
Land cover and land use classifications of the Kilombero Catchment were performed for 1994, 2004, and 2014 using
multitemporal metrics of spectral bands, spectral indices, and topographic indices. For the 1970s a more simplistic
approach had to be used due to the lack of suitable data for time series analyses. A 1980s classification was not feasible
due to limited data availability. Our results show that cropland area increased substantially at the expense of grassland.
Changes are dominant north and south of the flooded area within the floodplain (Figure 23, Appendix). Results were
presented during the Water Management Workshop in Morogoro. They have been summarized in a Master thesis that
was completed in 2017 (Steinbach, S. 2017. Development of a land cover and land use classification scheme for the
Kilombero floodplain wetland (Tanzania) using multitemporal satellite data. Master thesis, University of Bonn, Germany).
The findings were also presented at a conference in 2017 (Thonfeld, F.; Steinbach, S.; Amler, E.; Kirimi, F.; Menz, G
(2017). The role of the Kilombero wetland (Tanzania) for food production - long-term change assessment based on
image composites. UFZ/DLR-Workshop "Möglichkeiten und Herausforderungen im Kontext aktueller und zukünftiger
Erdbeobachtungsdaten", 09.03.-10.03.2017, Leipzig). The Wakiso District of Uganda was analysed by. He perfomed
classification and change detection following the Kilombero approach. The number of classes was reduced compared to
Kilombero and included Agricultural Land, Bare Land, Forest, Grassland, Water, Built-Up. Time steps were the years
2000 and 2016 using Landsat 5-TM and Sentinel-2 data. The thesis Mr. Benard Nsubuga was completed in 2017.
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.
Activities and key findings
The hydrological catchment model SWAT (Soil and Water Assessment Tool) was used to simulate land use and climate
change scenarios at the catchment scale in Tanzania which is a prerequisite for the regionalization of the results to a
larger scale. Scenario development include the analysis and quantification of the main driver of land use change which
was used in the Land Change Modeler system for computing future land use development. The work progress of 2017
was published as: “Leemhuis C., Thonfeld F., Näschen K., Steinbach S., Muro J., Strauch A., López A., Daconto G.,
Games I and B. Diekkrüger (2017): Sustainability in the Food-Water-Ecosystem Nexus: The Role of Land Use and Land
Cover Change for Water Resources and Ecosystems in the Kilombero Wetland, Tanzania. Sustainability; 9(9):1513, doi:
10.3390/su9091513”.
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
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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.
Activities and key findings
Mr. John Kalisa is working as PhD on comparison of wetland policies, their implementation and their effect on the
protection and use of wetlands in the four target countries (Rwanda, Kenya, Uganda and Tanzania. He visited Rwanda,
this year to collect the necessary information. Mr. Lambert Uwizeyimana is working on Effective Land use Management
strategies for sustainable use of Wetlands. Case Study on Land use consolidation programme in Nyabugogo rice
Marshland since 2017. Relevant information from different stakeholder’s and project related documents has been
gathered. Questionnaires were developed and collection of data has started and will be completed in 2018. In the same
line of objectives, Mr. Eugene Maridadi is working on unlocking the potential of wetlands through effective policy
strategies, case study of Nyabarongo Catchments. The student obtained the scholarship approval in 2017. Relevant
information from different stakeholder’s and project related documents has been gathered. Collection of Satellite images
for landsat and sentinel related to the case study has been started. The completion of the thesis is expected in 2018.

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.
Activities and key findings
56 master students (61% in total and 81% funded by project scholarships with African nationality) and 29 PhD students
(48% in total and 50% funded by project scholarships with African nationality) have been recruited or have completed
their studies until end of 2017. 14 MS and 5 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 and PhD 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, ten workshops have been organized up to now, with >350 participants. Topics ranged from
“scenario development”, “postprocessing of Regional Climate Model (RCM) data”, “Water management – The Kilombero
case: from catchment to consumer”, “Farmers field day - Participatory evaluation of good agriculture practices in
researcher managed rice farmers ’ fields”, to “environmental monitoring using UAV systems”. Further workshops are in
preparation for early 2018. These contributions strengthen regional capacity on wetland-related issues and will continue
and be expanded in 2018.
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4.

DELIVERABLES AND MILESTONES

Most milestones for 2017 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 year. Until the end of 2017 one book and 22 (13 peer-reviewed journal, 5 reviewed extended abstracts
and 4 submitted to the review process) articles have been published. Additionally, 44 oral contributions and 38 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: Central Field Experiment in Uganda 2017: Rice grain yield, N leave content and agronomic N use
efficiency by hydrologic position in the valley

Grain Yield Rice in t ha-1

Long Rainy Season 2016
Valley Position

Center

Middle

Mean across positions

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

Table 2: Central Field Experiment in Uganda 2017: Grain yield of maize in the long and the short dry
seasons of 2017 (means across positions)

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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Figures:

Figure 1: Carbon stocks of the different density fractions (+ washing water) of the Ugandan site (Inland
Valley) and Tanzanian site (Lowland Floodplain)

Figure 2: Depth profiles of the density fractions of organic Carbon according to the Eh condititions (fLF =
highly decomposable C; gLF = medium decomposable C; Min = less decomposable C)
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Figure 3: Rice grain yield as affected by management, hydrological zone and year, Central Field Experiment,
Uganda, Namulonge

Figure 4: Rice grain yield as affected by management and hydrological zone in 2017, Central Field
Experiment, Ifakara, Tanzania.
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Fringe

Middle

Center

Figure 5: Boxplots of total C and N, and extractable P, Ca and Mg content of the soil at the three
hydrological positions in the Namulonge inland valley wetland site, Uganda.
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Fringe

Namulonge
Middle

Center

Fringe

Ifakara
Middle

Center

Figure 6: Boxplots of mean redox potentials (EH) at the two central field experimental sites in Namulonge
(Uganda) and Ifakara (Tanzania) at soil depths of 10, 30 and 50 cm of the three hydrological zones of the
wetlands (fringe, middle, center).

Figure 7: Global Warming Potential Index (GWPI) of the Ugandan rice test site. The GWPI is defined here as
the ratio of the sum of soil CH4 and N2O emissions, expressed as kg CO2-eq ha-1, and the rice grain yield in
kg ha-1.
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Figure 8: Variable importance from Regression tree modeling

Figure 9: Parameterized land use within ABM
6
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Figure 10: Variation in Probability of intensification for Idete Ward
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Figure 11: Comparison of rainy seasons at stations and satellite grid points for the bimodal region. Station
numbers (coordinates of the grid points) are listed on the left (right) side. Station rainy seasons are shown
as horizontal black lines. The uncertainty (5% and 95% confidence interval bounds) is shown as thinner
black lines below and above the average rainy season. The average grid point rainy season and its
confidence interval bounds are shown as yellow, magenta and green bars, respectively. The dashed vertical
lines show the calendric definitions of onset and retreat of the long rains (March and May) and of the short
rains (October and December).
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Figure 12: Comparison of rainy seasons at stations and satellite grid points for the southern unimodal
region. Station numbers (coordinates of the grid points) are listed on the left (right) side. Station rainy
seasons are shown as horizontal black lines. The uncertainty (5% and 95% confidence interval bounds) is
shown as thinner black lines below and above the average rainy season. The average grid point rainy
season and its confidence interval bounds are shown as yellow, magenta and green bars, respectively. The
dashed vertical lines show the calendric definitions of onset and retreat (November and April).
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Figure 13: Mean monthly precipitation (in mm per month) in the period 1951–2005 based on daily rainfall
observations in Namulonge (red line) and based on six different CORDEX-Africa models before bias
correction (black lines).

Figure 14: Mean monthly precipitation (in mm per month) in the period 1951–2005 based on daily rainfall
observations in Namulonge (red line) and based on six different CORDEX-Africa models after bias correction
(black lines).
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Figure 15: VECTRI-simulated EIRa values (in infectious mosquito bites per person per year; logarithmic scale)
between 1981 and 2010. VECTRI was driven by daily observed temperature and rainfall values from Ifakara
(blue lines and circles), Namulonge (brown), Kigali (yellow) and Rumuruti (green).
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Figure 16: VECTRI-simulated EIRm values (in infectious mosquito bites per person per month) between 1981
and 2010. VECTRI was driven by daily observed temperature and rainfall values from (a) Ifakara, (b)
Namulonge, (c) Kigali and (d) Rumuruti.
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Figure 17: LMM2010-simulated EIRa values (in infectious mosquito bites per person per month) between
1981–2014, 1951–2005 and 2006–2100, respectively. Regarding 1981–2014, LMM2010 was driven by
observed daily temperature and rainfall values (black line and circles). In terms of 1951–2005 and 2006–
2100, LMM2010 was driven by six historical RCM runs from CORDEX-Africa (various colours). Note that the
rainfall and temperature data of the RCMs were bias-corrected for the four locations (a) Ifakara, (b)
Namulonge, (c) Kigali, and (d) Rumuruti.
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Figure 18: VECTRI-simulated EIRa values (in infectious mosquito bites per person per month) between
1981–2014, 1951–2005 and 2006–2100, respectively. Regarding 1981–2014, VECTRI was driven by
observed daily temperature and rainfall values (black line and circles). In terms of 1951–2005 and 2006–
2100, VECTRI was driven by six historical RCM runs from CORDEX-Africa (various colours). Note that the
rainfall and temperature data of the RCMs were bias-corrected for the four locations (a) Ifakara, (b)
Namulonge, (c) Kigali, and (d) Rumuruti.
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Figure 19: LMM2010-simulated frequency distributions of the malaria season in terms of start month
(SSeas) and end month (ESeas; both in months; no: no malaria transmission, co: year-around transmission)
and maximum transmission month (XSeas) and length (Seas; in number of months). The frequency
distributions were computed for the periods 1981–2005 (observational and historical RCM data,
respectively), 2016–2035 (RCM projection), 2041–2060 (RCM projection), and 2081–2100 (RCM projection).
Note that LMM2010 was driven by observed rainfall and temperature data and by six RCM data sets from
CORDEX-Africa for (a) Ifakara, (b) Namulonge, (c) Kigali and (d) Rumuruti.
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Figure 20: VECTRI-simulated frequency distributions of the malaria season in terms of start month (SSeas)
and end month (ESeas; both in months; no: no malaria transmission, co: year-around transmission) and
maximum transmission month (XSeas) and length (Seas; in number of months). The frequency distributions
were computed for the periods 1981–2005 (observational and historical RCM data, respectively), 2016–
2035 (RCM projection), 2041–2060 (RCM projection), and 2081–2100 (RCM projection). Note that VECTRI
was driven by observed rainfall and temperature data and by six RCM data sets from CORDEX-Africa for (a)
Ifakara, (b) Namulonge, (c) Kigali and (d) Rumuruti.
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Dates of year
Figure 21: The Kilombero catchment mean NDVI, Start Of Season, and End Of Season
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Figure 22: Flooding extent and cropland area. Flooding caused by tributaries is omitted.
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Figure 23: Land cover and land use classification of the Kilombero Catchment: a) 1970s, b) 1994, c) 2004
and d) 2014 (Leemhuis et al. 2017).
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