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The Okavango, Namibia. Charcoal for sale at the side of the road, Angola.
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The Okavango ranks among the longest rivers in 
southern Africa and its volumes of water are 
 imperative for the existence of many people. Over-
exploitation and privatisation are however threate-
ning this fragile ecosystem. German researchers 
are in the process of trying to prevent this from 
happening. They are implementing their expertise 
locally by providing models for alternative uses.  

 The Okavango is in no hurry: In several tributaries
     it slowly crosses the mountains running through 
the middle of Angola, marking the border to Namibia 
for over 400 kilometres, before its volumes of water 
seep and evaporate after 1,600 kilometres into the 
swamps of the Okavango Delta in the northwest of 
Botswana – an area known to be the world’s largest 
inland delta. For approximately one million people 
the water catchment area of the Okavango is the most 

important life support system. For centuries they 
have been living off what nature has had to offer: 
they catch fish, grow crops, collect fibrous materials, 
firewood and building materials and use medicinal 
plants – all in harmony with nature. 500 bird species, 
128 species of mammals as well as 150 species of 
reptiles and amphibians have so far been recorded 

by researchers for the river delta alone in Botswana. 
For a long time nature here was in a stable equilib-
rium, but recently it has been disturbed. »Nature is 
being irreversibly threatened by overexploitation  
and privatisation«, says Norbert Jürgens. The Pro-
fessor of Biodiversity from the University of Hamburg  
is the spokesman of the research group »The Future 
Okavango« (TFO).  
This network of six universities and two research 
establishments from Germany as well as three Afri-
can partner countries (Angola, Botswana and 
 Namibia) are investigating the use and exploitation  
of natural resources in the Okavango region in  
ten sub-projects. The German Federal Ministry of 
 Education and Research is funding the project until  
2015 with 7.5 million Euros as part of the grant pro-
gramme ›Sustainable Land Management‹.  

Global problems are feared  
To get an idea of just how fragile the Okavango eco-
system is, you only have to take a look at the upper 
reaches of the river in Angola where 37 years of civil 
war brought chaos and devastation, causing inhabi-
tants to flee from the region. These refugees are 
now returning to their old homeland and as a result 
the total population in this region could increase to 
two million over the next 40 years, estimates Jürgens. 
This would have alarming impacts: Savannahs and 
grasslands would be used much more intensively  
and forests of ecological significance would be clea-
red and converted for agriculture. Moreover, there 
would also be negative global impacts: habitats  

»Nature is threatened by over- 
exploitation and privatisation.«



»This cannot be compared to European conditions.«

Local women in Cusseque, Angola.Local market close to Chitembo, Angola.
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such as savannah forests for example are known  
to sequester a substantial amount of the world’s 
carbon reserves.  
Jürgens wants to create ecological awareness about 
these issues and interactions through this research 
project based on scientific expertise. »The goal is to 
provide instruments and scenarios for how people in 
the region representing different interests could 
sustainably use and preserve a multitude of natural 
resources«, he says.   

Basic information is still lacking
Realising this goal for an area that covers some 
430,000 square kilometres is no easy venture. Scien-
tific data for the catchment area of the Okavango  
is still missing, particularly for Angola and therefore 
researchers still need to collect basic information –  
on agriculture for example. Soil scientists such as 
Dr. Alexander Gröngröft from the University of Ham-
burg are sometimes faced with unusual problems: 
»The amount of phosphorus is so small on most  
of the agricultural investigation sites that it cannot 
be detected using our conventional methods of 
analysis«, he comments. Such data is imperative 
how ever, since phosphorus interactions are essen-
tial as nutrients for agricultural crops. How can  
this vegetation grow with such a limited amount of 
nutrients? How does the nutrient cycle work when 
there are hardly any nutrients available? How  
can we intervene with the cycle to make the soil 
more fertile? These are just some of the questions 
that Gröngröft would like to find the answers to  

by implementing specific measurements and models 
together with his co-operation partners.

Most of the local inhabitants living along the Okavango 
depend on agricultural yields. ›Subsistence farming‹ 
is the term that is normally used to refer to those 
families growing crops on their fields (usually millet, 

corn or beans) predominantly for their own use.  
It is not exactly huge quantities that the farmers  
are able to reap from these poor-quality soils. Grön-
gröft is aware of the fact that on average families  
in Namibia would harvest approx. 95 to 100 kilo-
grams of millet per hectare annually, without the 
application of fertilizers or pesticides.  
»This cannot be compared to European conditions, 
where on the same area of land an average of  
7,000 kilograms of wheat would be harvested«, he 
says. Many farmers are so unhappy with the situa-
tion that if the land is so unproductive or the harvest 
insufficient, they simply clear the next area of forest 
to increase the area of land available for growing 
crops so that they are able to feed their families. This 
high rate of land consumption is simply not sustai n-
able. In order to improve harvests, the TFO scien-
tists have started running some model tests with  
a local NGO and farmers in the region of Kavango in 
Namibia on the border to Angola.



»Whether or not this method of  
cultivation is successful, depends on just  
how committed the farmers are.«

Illegally logged wood for building materials in Botswana. Large-scale irrigation systems in Namibia.
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Conservation Agriculture is the approach being 
adopted, with which they are hoping to harvest more 
corn or millet than previously on sandy and nutrient-
poor soils. With this approach tests are being car-

ried out whereby the seeds that would have other-
wise been distributed over the entire surface, are 
sown individually in small pre-drilled holes, which 
are then fertilized with cow dung and covered with 
compost. »Whether or not this method of cultivation 
is successful, depends on just how committed the 
farmers are.« Preliminary results have shown clearly 
higher yields. However what has been successful  
in this region does not necessarily mean that it will 
be equally successful elsewhere i.e. in Botswana  
or Angola: »Whether this method of cultivation will 
be successful also depends very much on the commit- 
ment of the farmers themselves«, says Dr. Michael 
Pröpper. The anthropologist from the University of 
Hamburg is using case studies to investigate how the 
inhabitants of three selected municipalities use the 
natural resources along the Okavango. Technolo-
gical changes in agriculture cannot easily be applied 
because the dissemination of information down to 
the level of the farmers is very slow: »Knowledge 
transfer from the authorities to subsistence farmers 

hardly ever takes place, as training initiatives for far- 
mers only dispose of resources and personnel that 
are limited«, says Pröpper. One of the first insights 
from the project is the fact that new consumer desires 
from farmers are born as new markets develop. 
These new desires among local inhabitants who have 
lived off subsistence farming for most of their lives 
require an increased amount of capital that is mainly 
covered by exploiting more natural resources from 
the region. What is more: an increase in consump-
tion results in an increase in the generation of waste. 

Targeted by the agro-multinationals
Agro-multinationals are much better informed than 
the local inhabitants and have already targeted the 
fertile river valleys of the Okavango. »These compa-
nies grow Jatropha plants as biofuels so that they 
can cultivate them over extensive areas at favou r-
able global fuel prices«, explains Jürgens. This could 
drastically change the agricultural land uses in the 
region, when in the future land is mainly used to 
grow fuel crops for the global market instead of for 
growing food crops for the domestic market. In spite 
of the potential change of land use to grow fuel crops, 
an intensification of agricultural systems can admit-
tedly have its advantages for local inhabitants in 
rural areas: »It can lead to higher productivity and 
therefore increase the availability of food«, says 
economist Dr. Thomas Falk from the University of 
Marburg. It is important that the interests of local 
inhabitants are taken into account and that both  
their land and water rights are properly recognized. 



»The ecological significance and the economic  
value of the Okavango are immense.«

Typical catch using traditional fishing equipment, Namibia. The Okavango delta, Botswana.
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Furthermore, companies should be required to pay 
for the costs of using the services of nature. This 
would induce incentives for a more sustainable use 
of natural resources. In order to be able to compare 
different land-use forms, the scientists are develo-
ping bio-economic computer models.
»In this way we are able to see which conflicting 
goals arise among land users for food production 
and environmental protection like for example soil 
quality«, states Dr. Stephanie Domptail, agro-eco-
nomist from the University of Gießen. The monetary 
value for ecosystem services like for example the 
consumption of water by food producers can by all 
means be worked out.

Water dependency
The inhabitants living along the banks of the Okavango 
River are dependent on its water.  Scientists still 
know very little however about the hydrological con- 
ditions of the river: What is the water quality like? 
Where is it stored?  How does water dissipate? What 
is the influence of land use on water? The geographer 
Dr. Jörg Helmschrot from the University of Jena 
wants to find the answers to these questions together 
with his German and African colleagues as part of a 
TFO sub-project. »We want to model those processes 
that look at how water dissipation changes, if land 
uses change in the neighbouring countries and 
climate change takes place«, he says. For example: 
Researchers want to develop scenarios as to what 
would happen if there was an increase in water 
consumption in Namibia and if extensive irrigation 

systems or dams were built over extensive areas for 
the production of energy in Angola or Botswana. 
In order for the controversy over water not to become 
a full-scale conflict as in some other areas around 
the world, the three neighbouring countries have 
already taken some precautions. In 1994 they estab-
lished the Permanent Okavango River Basin Water 
Commission (OKACOM) with the aim of preventing 
conflicts over water use in the region. Ebenizário 
Chonguica, the president of this Commission is hoping 
for important insights from the TFO project in terms 
of sustainable land management: »Our information 
about the Okavango catchment area is still limited. 
We therefore still need more scientific information  
in order to be able to develop a management plan for 
the area and to advise policy-makers.«  

TFO spokesman Jürgens, who has been conducting 
research in Africa for many years, is aware of the 
expectations that the African project partners have 
about the project. »The ecological significance and 
the economic value of the Okavango are immense for 
the three countries«, he says. The ecologist hopes  
to be able to draw some conclusions from the research 
project that can be applied to the whole continent 
with respect to a sustainable land management con- 
cept: »The project is of a case-study nature because 



»We provide important information to  
ministries, authorities, NGOs, and land users.«

View of a valley close to Chitembo, Angola.  Grassland with termite hills, Angola.
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Project head:
Biocentre Klein Flottbek and Botanical Garden | University of Hamburg

Prof. Dr. Norbert Jürgens
Phone: +49  (0) 40-42816-260
E-mail: norbert.juergens@t-online.de

Project coordination:
Biocentre Klein Flottbek and Botanical Garden | University of Hamburg

Dr. Alexander Gröngröft
Phone: +49 (0) 40-42838-4395
E-mail: alexander.groengroeft@ifb.uni-hamburg.de 

Contacts in the study region:
Instituto Superior de Ciências de Educação (ISCED) | Lubango, Angola

Prof. Dr. Fernanda Lages
Phone: +244 926008674
E-mail: f_lages@yahoo.com.br

Okavango Research Institute (ORI), University of Botswana | Botswana

Prof. Dr. Wellington Masamba
Phone: +267 6861833
E-mail: wmasamba@orc.ub.bw

Polytechnic of Namibia (PON) | Namibia

Dr. Ibo Zimmermann
Phone: +264 612072461
E-mail: izimmermann@polytechnic.edu.na

Funding: 7.5 million Euros 

Funding period: September 2010 until August 2015

it illustrates the typical problems of Africa: population 
explosion, limited education, artificially-drawn bor- 
ders from the colonial period, unfavourable predictions 
for climate change.«

The results from the TFO project are to be implemen-
ted at the local level over the next few years. »We 
will provide important information to ministries, 
authorities, NGO’s, and land users«, says Jürgens. 
The scientific data act as helpful guidelines for deci- 
sion-makers. In this way for example model-based 
scenarios can help to make decisions about those 
areas along the Okavango that should be used or 
protected in such a way so as to avoid the clearance 
of forests or the exploitation of water resources to 
the point of irreversible damage to the ecosystem.
Jürgens: »If we can succeed in this way then both 
nature and people will benefit.«

10 | 11

Production systems that are being investigated  
in the region are: (intensive and extensive) 
agricultural systems, forestry systems 

The Future Okavango
www.future-okavango.org



»The Future Okavango« is one of twelve regional projects 
funded by the Funding Measure »Sustainable Land 
Management« (Module A) provided by the Project 
Management Agency (PT-DLR) on behalf of the German 
Federal Ministry of Education and Research (BMBF).
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Farming in the Heckengäu. Increasing timber prices increase forestry demands.
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stands for »Climate Change – Land Use Strategies  
in Germany«. The project aims to investigate the 
interactions between different land use forms and 
climate change with the goal of developing sus - 
tai nable strategies for land use in Germany. These 
strategies are not only to reduce carbon dioxide 
emissions and thus contribute to climate protection, 
but also to meet societal needs. The Federal Minis-
try of Education and Research will fund the pro - 
ject, which includes 25 scientists from six different 
 research establishments, with approximately  
3.5 million Euros until 2015.

Strong competition for land areas  
For Germany, the research approach to develop  
new, all encompassing land use strategies spanning 
various sectors is a rather ambitious venture, given 
the fact that land is already being used intensively. 
Land currently supplies food and timber, and is used 
for settlements, roads or industrial premises as well 
as for recreational areas. According to statistics 
from the Federal Statistics Office in 2009, 52 percent 
of Germany’s land is used for agriculture, whereas 
30 percent is used for forests and about 14 percent is 
used for settlements, roads and recreation. Now 
land is required for another task, namely to cushion 
the impacts of climate change. Land should fix more 
carbon dioxide in plants and the soil, and farmers 
should cultivate maize and rapeseed and opt for 
short rotation coppices to replace fossil fuels such 
as oil and coal currently used for energy, as well as 
nuclear energy. 

Land in Germany is already used intensively and 
now it shall also be used to cushion the impacts  
of climate change. Researchers want to demon-
strate how this can be successful in an inter- and 
transdisciplinary project: They are working on  
a nationwide strategy for intelligent land manage-
ment practices.  

 T he differences could not be more evident: the  
      Altmark in the east of Germany – sparsely popu-
lated, very little urbanisation or infrastructure and 
more than 60 percent of the land used for agricul-
ture – in contrast to the Rhein-Sieg District and the 
Rheinisch-Bergisch District (Rhine) in the west  
with ten times the population density, considerably 
more urban areas and a lot less agricultural land. 
The various agricultural and forestry land uses in 
the two model regions are typical for many of the 
approximately 300 districts in Germany and yet they 
are still somehow unique and therefore interest - 
 ing for scientific research. »In the two regions we 
want to examine how land use strategies can be 
implemented to adapt to climate change,« says Rose- 
 marie Siebert, Ph.D. The sociologist is conducting 
research at the Leibniz Centre for Agricultural Land-
scape Research (ZALF) in Müncheberg in the state  
of Brandenburg. With the results from their sub-
project »Regional participation process«, Dr. Siebert, 
together with colleague Wibke Crewett, will make  
an important contribution to the overall project 
CC-LandStraD. The abbreviation CC-LandStraD 
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Different land uses on the Danube Plain near Ulm.
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Motorways in Germany: land requirements for infra-
structure are on the rise.
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model regions as well as with experts from the 
urban planning and infrastructure sectors. Among 
other things they wanted to find out how people 
perceive climate change and land use change. There 
are noticeable differences: People in the Rhine 
region regard climate change more as an opportu-
nity than a threat in contrast to the perceptions of 
people from the Altmark. »Some of the stakeholders 
there regarded climate change as positive, because 
it extended the vegetation period, thus increasing 
crop yields«, says Siebert.  
In the Altmark region, where low water storage capa- 
city results in lower soil quality, increasing aridity 
would have a much more negative effect. What uni- 
tes both regions is the fact that changes in land use  
are registered very attentively. These include, for 
instance, more intensive land use for agriculture and 
forestry, the rise in land prices or increasing con-
flicts about whether food or energy crops should  
be cultivated on agricultural land. Meanwhile, as a 
result of various interviews and numerous work-
shops, the sociologists now know how farmers, 
forest owners or town and country planners intend  
to contribute to protecting the climate.

The project team CC-LandStraD is assessing just 
how realistically these ideas can be implemented. 
The goal is rather complex: »A measures catalogue 
will be developed from the demands, bringing to-
gether the interests of the users«, says Siebert.  
The ZALF-researcher realises that this will not be an 
easy task: »It will stir up a lot of emotions, but at 

For Dr. Horst Goemann, who together with Dr. Johanna 
Fick, is one of the two scientific co-ordinators run-
ning the CC-LandStraD project from the Thünen Insti- 
tute (Federal Research Institute for Rural Areas, 
Forests and Fisheries) in Braunschweig, climate pro- 
tection is a »new social requirement for sustainable 
land use«. Accomplishing this will not be that sim-
ple, because there has been strong competition for 
land here since the federal government started 
grow ing what were traditionally agricultural crops, 
such as maize or rapeseed, as energy crops as part 
of its energy turnaround. This has its consequences: 
in certain areas of Germany, for example, it is be- 
ing heatedly debated whether the cultivation of maize 

for biogas plants is ruining the landscape and tak- 
ing away agricultural land valuable for the cultiva-
tion of food crops. It is therefore important that 
»measures, such as new forms of land management 
or innovative technologies not only be economically 
viable, but also socially sustainable«, says Goemann.

Regional differences 
To find out something about the level of acceptance 
among inhabitants, Siebert and Crewett conducted 
40 interviews with local experts from agriculture, 
forestry, nature protection, and tourism in the two 

 »Measures should not only be economically 
viable, but also socially sustainable.« 



Land use for urbanisation and infrastructure.

(S
ou

rc
e:

 A
. K

ün
ze

lm
an

n 
/ U

F
Z)

Short rotation coppices like this one in Brandenburg  
are on the rise.
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Institute, at the Potsdam Institute for Climate Impact 
Research and at the Federal Institute for Research 
on Building, Urban Affairs and Spatial Development 
(BBSR) busy for the next few years. The scenarios 
are supposed to show which measures are not only 
viable for climate protection and accepted by the 

respective group of users, but also socially desirable. 
Possible examples: What will the resulting changes 
for agriculture and forestry be, if Germany relies 
more on bio-energy to reduce its greenhouse gas 
emissions? What will the consequences in terms of 
greenhouse gas emissions be, if due to a rise in the 
international prices for maize, farmers decide to 
intensify cultivation? How will land for urban areas 
and infrastructure develop if Germany wants to 
achieve certain goals for the climate in the future?

The researchers of the joint project do not want to 
answer these and other questions purely theore-
tically, but to discuss them with regional and natio nal 
partners in practice. A large amount of nationwide 
data is required to calculate the various scenarios, 
i. e., on soils, biomass, the climate, the water regime 
or on greenhouse gas emissions. These are also avai- 
lable, for example, in the form of statistics on agri-
culture, soil and land use maps, forest inventories  

least it shows that we are taking the local stake-
holders and their demands seriously.«

Complex modelling
Indeed there are numerous research projects today 
that strive to achieve practice-related results. This 
project is quite remarkable for the amount of  
time being invested by the sociologists in interviews, 
workshops, and dialogues with many end users  
on a regional level and professional representatives  
on the federal level. The process is important how- 
ever, because: »We are bringing such an abstract 
topic as climate change into everyday reality«, says  
Dr. Annett Steinführer, who is coordinating the 
subproject »National participation process« in the 
joint research project. »Because we have involved 
end users in the project from the very outset, it 
should also increase the chances that the results will 
be implemented locally in the end. This forms a  
good basis of trust between users and researchers«,  
says Steinführer. The strong social participation  
is therefore considered to be something of a trade- 
mark for the CC-LandStraD project.
»This is not only an important dialogue between 
science and practice, we will also gain important 
insights into coping with climate change on a re-
gional level«, says Professor Dr. Peter Weingarten, 
speaker of the joint research project and head of 
the Thünen Institute of Rural Studies. The catalogue  
of measures from the regional participation pro-
cess will form the basis for complex modelling. 
These tasks will keep the computers at the Thünen 

 »The CC-LandStraD project is an important  
dialogue for science and practice.«  



Protected areas are important landscape areas that can 
provide essential balance and recovery functions.
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People enjoying recreation with the view of a  
diverse landscape.  
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Land use in 2030
Together with partners, the BBSR scientists have 
modelled trends for the development of settle-
ments on the district level, for which they have used 
data on the development of the price of land, popu-
lation dynamics or economic indicators. This  
very rough yardstick is, however, still not sufficient.  
»We need more accurate statements«, says Goetzke.  
The simulation model LandUseScanner, which is 
based on a geographical information system, aims  
to make this possible. With this model the develop-
ment of different land use classes can be calcu-
lated on a small spatial scale, such as, for example,  
residential areas or agricultural and forestry land 
uses. Thus it can be demonstrated how land use 
could change until 2030. 
The model thereby distributes the demand for  
land use that has been allocated beforehand to the  
land most suitable for those purposes. Linking  
the land use models implemented by Goetzke with  
socioeconomic and biological-physical model  
ap proaches from other subprojects into a model  
group is a major challenge, according to CC-Land-
StraD coordinator Goemann. The model group  
allows regionally specific analyses to be conduct - 
ed nationwide.

The goal is clear according to Goemann: »The proj-
ect aims to give some scientific foundations to  
the emotional discourse in terms of what land use  
can achieve for climate protection«. In an ideal  
case, measures could be defined agreeable to all 

or the national climate reports. To the disappoint-
ment of researchers, however, they are not always in 
a suitable form for analysis: They often have to be 
adapted to the interdisciplinary model approach or 
are not small-scale enough. Scientists want to be  
as precise as possible with their land forecasts, and 
Dr. Roland Goetzke from the BBSR supports this 
stipulation. With his colleagues in the subproject 
»Land use scenarios« he is simulating the develop-
ment trends of land for settlement areas in Germany 
up to the year 2030. Goetzke already has some 
preliminary results: The trend that has been ob-
served in the recent past showing large spatial 
differences of land for settlement areas will con- 
tinue into the future.

It is mainly in the major West German cities and  
their suburbs that the increase in demand for settle- 
ment areas is proportionally higher than in rural 
areas. In many districts we are, however, experien-
cing another development: Here a clearly decreasing 
population density is being accompanied at the  
same time with a slight increase in land for settle-
ments«, says Goetzke. This situation affects many 
East German districts and structurally weak 
 districts in West Germany.

 »Major West German cities show a higher  
demand for settlement areas than is seen  
in rural areas.«  
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»The project aims to provide the emotional  
debates with some scientific foundations.«  
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groups of users. The results of the joint research 
project should be used in policy-making, irrespec-
tive of whether this is at a national level, the federal 

state level or the municipality level or even inter- 
nationally. »It is there«, says spokesman Wein- 
garten, »that there is a great need for authoritative 
data on how climate change will influence land  
use and which costs will be associated with which 
measures for climate protection.«

Project head:
Thünen Institute

Prof. Dr. Peter Weingarten
Phone: +49  (0) 531-596-5501 
E-mail: peter.weingarten@vti.bund.de 

Project coordination:
Thünen Institute

Dr. Johanna Fick
Phone: +49 (0) 531-596-5505 
E-mail: johanna.fick@vti.bund.de 

Thünen Institute

Dr. Horst Gömann
Phone: +49 (0) 531-596-5513
E-mail: horst.goemann@vti.bund.de 

Funding: 3.47 million Euros

Funding period: November 2010 until October 2015

In addition to the Thünen Institute as leading institute also  

participating in the project are:  

The Federal Institute for Research on Building, Urban Affairs and  

Spatial Development; the Institute for Ecological Economy Research;  

the Potsdam Institute for Climate Impact Research; 

the Westphalia Wilhelms-University of Münster,  

and the Leibniz Centre for Agricultural Landscape Research. 

The Thünen Institutes of Rural Studies, Climate-Smart Agriculture,  

Forest Economics and Biodiversity are involved in the project. 

Production systems investigated in the region are: 
Agricultural systems, 
forest systems, settlements 

CC-LandStraD
www.cc-landstrad.de

The Rhine-Main region: agricultural production in  
the urban agglomeration 
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Pineapple plantation after harvest in the district of  
Dai Loc, Quang Nam province.

Land conversion to flooded rice fields in the highland 
district of Tay Giang in the Quang Nam province. 
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and forestry as well as local rangers in the project 
region of approx. 12,000 square kilometers (an area 
14 times the size of Berlin).
Claudia Rädig is not the only German researcher 
currently working on the narrow Central Vietnamese 
land strip that wants to unravel the secrets of nature 
here. »Land Use and Climate Change interactions  
in central Vietnam« (in short LUCCi) is the research 
project, for which a German-Vietnamese team of 
researchers has formed a cooperation in the catch-
ment area of the two rivers Vu Gia and Thu Bon.  
The scientists come from a wide range of disciplines, 
ranging from agro-forestry, climate research, hy-
drology and water management to social and politi-
cal sciences.  

They have until June 2015 to come up with some 
strategies as to how Central Vietnam can prepare 
itself in terms of land, forest and water management 
against the potential impacts of climate change. 
The Federal Ministry of Research is funding them 
with four million Euros in the form of a five-year 
project. 

The project is headed by Lars Ribbe, Professor for 
Integrated Land and Water Resources Management 

Vietnam is considered to be one of the Asian tiger 
economies due to the fact that its economy has been 
booming non-stop for years. However, this econo-
mic boom has brought about certain disadvantages 
for the landscape and for nature. For this reason 
German and Vietnamese researchers have decided 
to develop strategies for sustainable land and 
water uses in Central Vietnam. These are urgently 
required, because there is a strong resources 
pressure on the region and it might additionally 
suffer from the impacts of climate change. 

 Blood-sucking leaches, annoying mosquitoes,  
       high temperatures and largely inaccessible 
areas – research in the montane forests of Central 
Vietnam is a sweltering undertaking and not every-
body’s cup of tea and yet the PhD graduate bio- 
logist Claudia Rädig loves her job. She is a scientist 
from the Cologne University of Applied Sciences  
and won’t let anything stop her from ploughing her 
way through montane and mangrove forests to 
identify different tree species.  
»The mountainous regions of Vietnam belong to 
some of the most species-rich regions of the world 
and yet data is still lacking for the region«, says  
the scientist.  
Where are certain tree species found? What is the 
height and diameter of the trees? How often do 
individual tree species occur? Dr. Rädig intends to 
close this knowledge with her investigations along 
with scientists from the Hue University for land  
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»We want to develop systems for sustainable  
use for the region that balance social, economic  
and ecological requirements.«



Slash and burn to clear more land for agriculture in the  
Dong Giang district, Quang Nam province.
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Final operations on the dam Song Tranh 2 in 2011 in the 
district of Bac Tra My, Quang Nam province.
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scenarios and consequently develop strategies,  
first and foremost it is scientific groundwork that  
is required. 
Basic data, like that for example which Claudia Rädig 
is laboriously collecting on trees, is either missing 
for this region or does not comply with the stan-
dards that the international researcher community  
is used to working with. While the south and north of 
Vietnam have been relatively well investigated, the 
middle of the country has not yet been in the spotlight 
of global science. In this respect, the researchers 
working in the LUCCi project are regarded as pio-
neers in this area. 

Climate change is noticeable 
One of the scientists in the LUCCi team is the clima-
tologist Patrick Laux. He is a graduate PhD scien- 
tist from the Karlsruhe Institute of Technology who 
conducts research on climate change. Together with 
his colleagues he has analyzed data among other 
things from climate events between the years 1980 
and 2009 in the investigation area. His findings: pre- 
cipitation has increased over the entire period, in 
particular along the coast. »This trend is particularly 
noticeable during the winter months«, says Laux, 
who associates it with an intensification of the rainy 
season in Central Vietnam. With respect to overall 
temperature changes, an increase can also be  
observed that the climate researcher interprets to 
be another impact of climate change. »There is  
no scientific certainty however because the database 
for the station is still insufficient«, says Laux. It is 

at the Cologne University of Applied Sciences Insti-
tute for Technology and Resources Management  
in the Tropics and Subtropic, ITT. His goal: »We  
want to develop strategies for the sustainable use  
of water and land resources for the region that 
balance social, economic and ecological require-
ments« he says. 

The research results are urgently required in Viet-
nam because unlike in Germany, where climate 
change still seems so far away and so abstract for 
many people, the dangers are very imminent for  
this Southeast Asian country. Vietnam ranks among 
those countries of the world that could suffer  
enormously from the impacts of global warming 
according to projections by the Vietnamese Ministry 
of Natural Resources and Environment (MONRE). 

It is thought that the annual average temperature 
will rise by approx. 1.5 degrees by the year 2020,  
the amount of precipitation during the monsoon will 
increase by up to 19 per cent by 2070, and during  
the dry season the ministry expects a clear in- 
crease in droughts. Danger also looms from the sea:  
according to the statistics from MONRE, the sea 
level could rise by 40 centimeters by the year 2050.  
But in order to compute scientific models and  

»The sea level could rise by 40 centimeters  
by the year 2050.«



Za Hung dam used for hydroelectric power in a tributary of the 
Vu Gia river in the Dong Giang district, Quang Nam province.
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Land used for agriculture in front of the Viet An reservoir 
in the Hiep Duc district, Quang Nam province.
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The forests that grow thereafter are by no means  
as species-rich as a natural primary forest.

Dams create problems 
The forest management expert is now modeling  
how certain factors will influence forest use in the 
future and how that could have an effect on bio- 
mass and the storage of carbon in trees and soils.
»The future of the forests depends on several  
parameters«, Avitabile explains. For example, how 
the global demand for acacia and rubber trees  
will develop: if demand rises, farmers will establish  
even more plantations. The amount of forest that  
is cleared also depends on other factors such as how 
quickly the population expands in the region, the 
extent of land consumption and the government’s 
economic and energy policies. 

Vietnam is banking on satisfying the steep increase 
in energy requirements with hydropower. A major 
consequence of this is that politicians are pro- 
moting the construction of hydropower reservoirs,  
wherever possible at higher elevations. Altogether 
the national government has planned nine dams  
in the Vu Gia Thu Bon catchment area, five of which  
have already been constructed. Their construction  

hoped that the results from the Steinbuch Centre  
for Computing (SCC) in Karlsruhe that is running  
high-resolution regional climate simulations  
will clarify matters. 
The researcher for forest ecosystems Valerio Avita-
bile working as a post-doc in the chair for remote 
sensing at the University of Jena spends time regu-
larly in the catchment area of the Vu Gia-Thu Bon. 
There he is responsible for closely investigating the 
development and distribution of forests – not least 
because forests have some very important func-
tions: they store carbon, reduce precipitation and not 
lastly provide habitat for numerous rare plant and 
animal species.
For the results of his investigations the researcher 
has compiled maps showing agricultural and forest-
ry land uses. According to these, the proportion of 
forest in the middle regions has increased – at least 
according to the official statistics. The real reason  
is that »acacia and rubber tree plantations intended 
for export to China have increased tremendously«, 
says the forest management expert. The statistics 
are very deceiving because these cultivated forests 
are of very little ecological value: their biodiversity 
and their ability to store carbon are considerably 
lower than natural forests. Natural rain forests are 
threatened because local communities require new 
land for settlements or for agriculture and the gov-
ernment also requires new land for translocations.
Agricultural practices are unsustainable. »The land 
is used for five or six years before the soil is de- 
pleted and the land becomes fallow«, says Avitabile. 

»Water stored in hydropower reservoirs during the 
dry season reduces the flow in the downstream 
 lowlands and thus water availability for irrigation.«



Rice farmer with water buffalos after the rice harvest in the 
lowlands of Tam Ky in the Quang Nam province.
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Flooded early-stage rice paddy, directly sown in the Vu Gia and 
Thu Bon river delta close to Hoi On, in the Quang Nam province.

SCIENCE PORTRAIT 3

(S
ou

rc
e:

 D
. M

ei
na

rd
i)

8 | 9

Many of the current problems in Central Vietnam 
stem from the rapid development that the region and 
the entire country are being subjected to. This tiger 
economy has been booming for years but city popu-
lations also continue to rise. As a result, the require-
ments for energy, living space, infrastructure and 
agriculture also increase. This kind of situation can 
be quite exciting from a scientific perspective for  
the head of the LUCCi-project Lars Ribbe. »For us 
researchers such dynamic systems are a great 
challenge, because the conditions are constantly 
changing«, says Ribbe. Moreover, it is so practice-
orientated: »Our goal is to conduct research that  
is very practice-orientated and not to measure  
our success by how many publications we produce, 
but rather by the extent to which our Vietnamese 
partners have actually implemented our recommen-
dations and strategies«, he says.

Bridging the gap is not that easy
The fact that the project brings together researchers 
from the most diverse disciplines from Vietnam and 
Germany as well as numerous local participants 
from Central Vietnam such as authorities and enter-
prises to discuss sustainable land use issues is also 
one of the unique aspects of the project for Ribbe. »It 
is not always that easy to find a common language«, 
he says, especially when scientists from so many 
different disciplines are sat around a table. »Terms 
such as climate change and soil can have completely 
different connotations for scientists depending on 
which field they come from«, says Ribbe. 

is disputed however because the dams change the 
water regime in the entire region. »Water stored  
in hydropower reservoirs during the dry season 
 reduces the flow in the downstream lowlands and 
thus water availability for irrigation.«, says Alexandra 
Nauditt, who coordinates the LUCCi project at ITT.
Even the rainy season from September until Decem-
ber is cause for concern for the local inhabitants: 
»The hydropower reservoirs with a maximum capa-
city of 330 million cubic meters are used solely  
for energy production and do not act as a retention  
zone for flood protection or provide water for irri-
gation in the dry season«, she says.

In the coastal areas there is an additional problem: 
in recent years farmers have been complaining about 
considerable harvest losses, because from March  
to August there has not been sufficient precipitation 
water from the courses of the river into the delta for 
irrigating the rice paddies. Due to the fact that the 
river water stored in the reservoirs cannot reach the 
delta, the salt water from the sea is pushed inland 
and gets into the rice irrigation channels. »It is main- 
ly the second harvest in September that the farm-
ers are forced to give up«, reports Nauditt. For this 
reason many farmers have left affected districts 
such as Dien Ban and moved to the cities.

»Farmers often have to give up their  
second harvest in September.«
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The professor sees the project in a positive light: 
»We have had a good experience with the local deci-
sion makers and partners and were provided with 
the essential information for our work«, he says. 
Nguyen Dinh Hai, vice-president of the Irrigation 
Management Company (IMC) that controls the infra-
structure of the irrigation and the pumping stations 
in the catchment area of the two rivers, confirms  
just how important it is to have a good international 
cooperation: »Due to the LUCCi-project a lot of 
knowledge is flowing into our region that we can di- 
rectly transfer to the management of water cour-
ses«, says Hai. Researchers have been focusing on 
the influence of fluctuating climate patterns on water 
and agriculture. This is one aspect, says the vice-
president that has not really been taken into account 
yet in Central Vietnam.

Policy recommendations
The results from the German-Vietnamese coopera-
tion are to flow into scientific recommendations  
for policy. For example, how local authorities could 
tackle the issue of salt water intrusion. »We want  
to be able to say, where exactly salinization is occur-
ring in the region and where weirs could be imple-
mented to prevent further salt water intrusion«, says 
Ribbe. Further, with respect to land use for exam-
ple, Ribbe and his researcher colleagues want to 
make predictions based on model calculations about 
the negative impacts that for instance acacia tree  
or palm oil plantations could have on the soil and 
water regime. »If we can understand the interactions  

Project head:
Cologne University of Applied Sciences Institute for Technology  
and Resources Management in the Tropics and Subtropics

Prof. Dr. Lars Ribbe
Phone: +49  (0) 221-8275-2773
E-mail: lars.ribbe@fh-koeln.de

Project coordination:
Cologne University of Applied Sciences Institute for Technology  
and Resources Management in the Tropics and Subtropics

Alexandra Nauditt
Phone:+49 (0) 221-8275-2125
E-mail: alexandra.nauditt@fh-koeln.de

Contacts on the study region: 
Vietnam Academy for Water Resources, 
Center for Training and International Cooperation (CTIC)

Ass. Prof. Dr. Nguyen Tung Phong
Phone: +84 (0) 0912278959
E-mail: phongicd@gmail.com

Funding: 4 million Euros

Funding period: July 2010 until August 2015

Production systems 
investigated in the 
region are: Agricultu-
ral systems (indus-
trial and extensive), 
forestry systems, 
Tourism, Rubber 
Production, RiceLUCCi

www.lucci-vietnam.info

Rubber tree plantation in the district of Hiep Duc in the 
Quang Nam province.
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that are taking place here in Central Vietnam, then 
the methods that we develop can also be used in 
other areas of the world«, says Ribbe. In this respect 
a significant contribution could be made to sustain-
able land use.
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Rainforests in Pará are being felled to make  
way for pasture.

Cotton bales in the cleared agricultural landscape  
of Central Brazil.
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German and Brazilian scientists under Gerold’s 
leadership can spend five years working out land 
management strategies for Southern Amazonia. 
Their mission is to develop new possibilities for land- 
use in the tropical rainforests and savannahs so  
that the land stores more carbon, thereby reducing 
greenhouse gas emissions. 
Although scientists have been investigating climate 
change for years, they still lack accurate models  
for calculating the effects of deforestation and in-
creased land-use in the Amazonian region on world 
climate.

The negative trend of increased greenhouse gas 
emissions could be reversed if carbon could be 
stored in Brazil’s vast expanses of farmland through 
suitable agricultural technologies.
The signs are good. Ten German universities,  
the Helmholtz Centre for Environmental Research,  
the Leibniz Centre for Agricultural Landscape  
Research (ZALF), the universities of Innsbruck  
and Tours, and several Brazilian universities and  
research institutes, including the national agri- 
cultural research corporation Embrapa, wish to 
work together to find solutions.

The forests in the Amazon region play a key  
role in absorbing the worldwide effects of climate 
change. The way in which the region’s farmers 
manage their land is therefore of critical impor-
tance. An international research team led by  
the University of Göttingen wants to help to ensure 
greater sustainability in land-use.

 Gigantic charred trees towering up into the  
      sky, cleared forests, vast, monotonous  
fields – Gerhard Gerold, Professor of Geography  
at the University of Göttingen, has gathered  
many such impressions on his travels through  
the Amazon region in the heart of Brazil. But data  
on the breakdown of carbon compounds through 
deforestation and farming and the effects of  
this on climate cause him even greater concern  
than his personal observations. Reason enough to  
bring about change.

Gerold is the leader and spokesman for the joint 
project Carbiocial, aimed at investigating trends in 
soil carbon, biodiversity, and social processes  
in Southern Amazonia through interdisciplinary 
research. Gerold and his colleague Professor Karl  
M. Wantzen have developed the project jointly with 
Professor Eduardo Couto, head of the Institute of 
Soil Science and Precision Agriculture at the Federal 
University of Mato Grosso. The German Federal 
Ministry for Education and Research is supporting 
the project with 6.15 million Euros in funding so that 
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»Scientists lack models for calculating  
the effects of deforestation and  
increased land-use in the Amazonian  
region on world climate.«



Intensive soya and maize crops make a stark contrast with 
intact rainforests near Sinop.
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Species-rich combined agro-silvopastoral systems help 
small farmers to manage their land sustainably.
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In Sinop, the second project area, large-scale defor-
estation began around 15 years ago. Soya plan- 
tations are now widespread. In the third study area 
near the town of Novo Progresso in the southern 
part of Pará on the other hand, cattle farming domi-
nates in pastures surrounded by tropical rainforest. 
Here too, deforestation has clearly accelerated  
in recent years however.

The main focus of the scientists’ interest is the local 
farmers, whose land holdings vary in size. In the 
south, near Cuiabá, they are generally between 
2,000 and 15,000 hectares but often significantly 
smaller in the north, at 200 to 500 hectares. »Ideally 
the farmers should work their land in such a way  
as to protect the soil, so that important charac-
teristics such as soil fertility and water quality are  
pre served«, says Gerold. The scientists want to  
test ways of achieving this in the field. As ecologist 
Wantzen points out, such methods could help the 
soil to store more carbon, improve soil quality  
and yields and reduce the pressure on the remain-
ing areas of forest. »That would be a win-win  
situation for farmers and the climate«, he says. The 
scientists want to use scientific arguments to con-
vince farmers of the benefits of carbon-friendly 
farming. And not only that: they also want to develop 
options which ensure a good income for the far-
mers, even if other more sustainable methods exist. 
As Gerold says: »Combining ecology and socio- 
economics sustainably, that is the challenge for  
the project.«

Analyses of satellite images show that up to a  
quarter of the rainforests in the Amazon region have 
been cleared in the last 30 years. The timber has 
been sold and the cleared areas burnt to the ground 
to make room for cattle or for crops of soya, maize, 
and cotton.
There are consequences: firstly biodiversity is  
threatened, and secondly climate change is inten- 
sified. Because forests storing carbon are shrinking  
in number, and because land in agricultural use 
releases carbon dioxide, Brazil is held responsible 
for one fifth of worldwide carbon emissions caused 
by tropical deforestation. This process is also  
driven by the international agricultural markets, 
where there is high demand for soya products, palm 
oil, and sugar cane for biofuels. 

Soya plantations becoming widespread
Mato Grosso is one of the regions where the change 
of land-use is particularly apparent. Here the  
Carbiocial scientists are conducting  research in two 
study areas near the towns of Sinop and Cuiabá.
Agricultural development in Cuiabá began in  
the 1970s. Today cotton and soya crops dominate.  

»Ideally farmers should work  
their land in such a way  
that soil fertility and water quality  
are preserved.«



Only a few animal species such as the nandu can survive  
in soya monocultures.
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Soya and cotton fields are often laid right to the edge  
of the gallery forests.
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making good profits in the global market. But the 
first dark clouds are already looming. »Diseases  
are increasingly spreading through monocultures; 
nutrients in the soil are being depleted, and  
the effort required to sustain yields is increasing«,  
says Gerold. Political scientist Dr. Regine Schö- 
nenberg, who is investigating the underlying  
socioeconomic conditions in another sub-project,  

has established through interviews and workshops  
with the farmers that their options for changing  
land-use are few. »The strict environmental laws, 
market diktats, and lending conditions mean  
that many farmers feel that their scope for entre-
preneurial initiative is very limited«, says Schönen-
berg. This is not their only problem: most of the 
farmers have no regular land title, and therefore do 
not officially own the land. »They have no docu-
mented right to work the land«, explains Schönen-
berg, who lectures and conducts research at the 
Free University of Berlin.
These problems are now exacerbated as the  
farmers are increasingly suffering the effects of  
climate change. Longer dry periods, a delayed  
rainy season, and greater variability in precipitation 
levels – such effects are already being reported  
by many farmers. The Carbiocial scientists want to 

New soil protection methods
German-Brazilian teams are tackling this chal-
lenge in twelve sub-projects. In land management, 
for example, the scientists want to propose ways in 
which the farmers can better preserve or even 
improve the humus content of the soil and thus its 
carbon content. This calls for farming practices 
better suited to the soils of the tropical rainforests. 
»If the land is ploughed too deeply, more carbon 
dioxide escapes«, says project coordinator Dr. Stefan 
Hohnwald. In future farmers could dispense with 
ploughing so that the soil is not broken at all,  
or turned only minimally. Seed would then be sown 
directly without working the soil beforehand.  
These »no tilling« methods have already been used 
by many farmers in the old colonization regions  
of cen tral Mato Grosso for a number of years. In one 
sub-project led by Kiel University in cooperation 
with local farmers, carbon-rich biomass is added to 
the soil to test ways of improving humus-impover- 
ished soils. 
The scientists are also experimenting with the 
choice of crop. The monotonous cultivation of soya 
and maize, interrupted only by a fallow period  
dur ing the dry spell, is permanently impoverishing  
the soil. In cooperation with their Brazilian partners 
in the Carbioma project the scientists are there 
fore experimenting with five-year crop cycles where 
after the maize and soya crops, grass is sown  
to feed cattle followed by millet and nitrogen-fixing 
legumes. Obviously such changes in land-use are 
not easily accepted by the farmers, as they are still 

»Diseases are increasingly spreading  
through monocultures.«



The Nelore breed of cattle is often reared on large farms  
as it is well adapted to the tropical climate.

(S
ou

rc
e:

 S
. H

oh
nw

al
d)

Scientists and farmers discuss the effects of climate change 
on cotton crops in Mato Grosso.
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rotations and colonization processes«, he explains. 
Incorporating these regional specificities into the 
model is a real challenge. Together with a climate 
model, these two models should eventually be  

developed into a decision support model. This may  
sound complicated, but in practice it should yield 
mean ingful results and provide a good basis  
for scientists to predict the ecological and economic 
consequences of different land management strat- 
egies in the three regions. How are yields and profits 
affected if climate changes and farmers switch to  
a diffe rent crop rotation, for example? How does  
this affect the humus content of the soil? How many 
greenhouse gases are then released by the agri- 
cultural activity? »This should be as simple an  
instrument as possible, ideally in the form of a palm-
top computer which farmers and environmental 
authorities can use on site«. This is how Gerold 
describes his vision, which should become a reality 
in the Amazon region and which could be applied 
throughout Latin America, with variations.

Farmers as multiplicators
For this to work out as intended, however, the scien-
tists depend on the cooperation of the farmers.  

simulate the consequences of climatic change  
for crop yields in further sub-projects. 

Using models to calculate yields 
One of the models used for this, the simulation 
model MONICA, was developed by geoecologist  
Dr. Claas Nendel at ZALF in Müncheberg. Using data 
on soil, sunlight, temperature, precipitation, and 
other parameters it describes the biochemical con-
version of carbon, nitrogen, and water in agri- 
cultural ecosystems, and calculates plant growth 
and crop yields from these. »We can already run the 
model for maize and soya; we are still working on 
sunflowers, sugar cane, and cotton«, says Nendel.  
He must also consider how to adapt the model  
for the particular soil conditions in the south of the 
Amazon region. »Certain processes such as the 
transport or storage of nitrogen work differently  
in the tropics than in the mid latitudes«, says Nendel. 
Meanwhile Dr. Rüdiger Schaldach is working on 
another model for the Carbiocial project at the Uni-
versity of Kassel. The computer scientist wants  
to simulate the changing use of the Southern Ama-
zonian landscape up to the year 2050. »We want  
to estimate regional trends as to how agricul- 
tural use might change under different socioeco- 
nomic conditions such as world trade«, says  
Schaldach. He is working with the land use model 
Landshift. This model too needs to be adapted  
to the realities of farming in Southern Amazonia so 
that the scenarios are accurate. »For example  
we have to integrate the farmers’ different crop 

» We want to estimate regional trends as to  
how agricultural use might change under different 
socioeconomic and economic conditions.«
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All is going well so far. In an experiment on one  
farm in Cuiabá, for example, the farmer is working 
eucalyptus bark, sugar cane molasses and wood 
chips into the soil of one field and the scientists are 
analysing how this improves the soil and enriches  
it with carbon and nitrogen. 
»If this produces positive results, this farmer could 
be a multiplicator for his colleagues,« says Hohn-
wald. The local farmers hope above all for new 
knowledge from the scientists: »Amazonia is very 
diverse, and the production of knowledge through 
initiatives such as the Carbiocial project gives  
us a better understanding of the local Amazonian  
region«, says Lincoln Queiroz, farmer and represen-
tative of a farming association in Novo Progresso. 
Only by understanding local processes and their inter- 
actions with other parts of Amazonia and the planet, 
the farmers can work their land sustainably. 
The research project is still in its early stages. If  
it has been successful by the time it ends in summer 
2016, some diplomacy will be required: »We don’t 
want to wag our fingers at the farmers and tell  
them what to grow and how to grow it. The aim is to  
show them alternative farming methods«, says 
Gerold. Here the farmers’ awareness of the national 
and international debate on climate protection is  
an advantage. »Farmers wish to prove that they can 
also farm in environmentally friendly ways«, says 
Gerold. »So perhaps the Carbiocial project has come 
just in time«.

Project head:
Geographical Institute, Landscape Ecology Department |  
University of Göttingen

Prof. Dr. Gerhard Gerold
Phone: +49  (0) 551-39-8011
E-mail: ggerold@gwdg.de

Project coordinator:
Geographical Institute, Landscape Ecology Department |  
University of Göttingen

Dr. Stefan Hohnwald
Phone: +49 (0) 551-39-8073
E-mail: shohnwa@gwdg.de

Contacts in the study region:
Embrapa Rice and Beans 

Dr. Beata Emöke Madari
Telefon: +55 (0) 62-3533-2181
E-mail: madari@cnpaf.embrapa.br

Department of Soil Science and Rural Engineering – FAMEVZ  | 
Federal University of Mato Grosso (UFMT)

Prof. Dr. Ricardo Santos Silva Amorim
Telefon: +55 (0) 65-3615-8616
E-mail: rsamorim@ufmt.br

Funding: 6.1 million Euros

Funding period: June 2011 to May 2016

Production systems investigated in the region are: 
agricultural systems (intensive and extensive), 
livestock

Carbiocial
www.carbiocial.de

Experiments aimed at increasing soil carbon in a maize 
field near Campo Verde.
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NEW STRATEGIES
FOR THE  
FOREST STEPPE
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Siberian birch grove in the forest steppe (summer). Wheat fields as far as the eye can see.
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Landscape Ecology at the University of Münster.  
As the leader of the German-Russian research  
project SASCHA, the 49-year-old knows all about  
the Siberian hinterland. The project scientists  
are working until 2016 to gather basic data and  
prepare monitoring instruments to help them  
develop strategies so that regional land users can 
better adapt to the effects of changes in the land- 
use and climate change. 
The German Federal Ministry of Education and  
Research is supporting the project with funding of 
3.8 million Euros. Besides the scientists from  
the universities of Münster, Osnabrück, and Kiel, 
other participants on the German side are the  
Humboldt University in Berlin, the Osnabrück Uni-
versity of Applied Sciences, and the remote sen- 
sing company EFTAS, and on the Russian side the 
Tyumen State University and the Tyumen State  
Agricultural Academy.

Hölzel’s fears for the diversity of bird species are  
not without foundation. »There is a growing need for 
arable land to grow cereal crops for food and for 
bioenergy«, he reports. Cultivation mainly of wheat, 
but also of rapeseed, sunflowers, and potatoes will 
increase significantly in Western Siberia. The trend 
in land use is driven by climate change. »Because  

The wetlands, forests and steppes of Western 
Siberia are among the most important carbon sinks 
in the world. As the need for arable land in the 
region increases there is a risk that the carbon will 
be released. This could accelerate climate change. 
Scientists from Germany and Russia now want  
to provide facts in order to shape changes in land 
use sustainably.

 Black-tailed Godwit, Yellow Wagtail, Corncrake – 
       species such as these send ornithologists  
into rap  tures. In Germany these birds are seen in- 
creasingly rarely as wet meadows and pastures are 
drained, fertilized and converted into arable land.  
In the Russian province of Tyumen, deep in Western 
Siberia on the border with Kazakhstan, the meadow 
birds’ habitats are still intact in many places so  
their numbers are significantly higher. »The birds  
are as common there as they were in Germany in the 
1950s« reports Professor Norbert Hölzel with de- 
light. There are good reasons for this: after the Soviet 
Union made tremendous efforts to plough up mil- 
lions of hectares of the steppe to grow wheat in the 
1950s, many grasslands were then left fallow after 
the political and economic collapse of the 1990s. 
Today rare waders thrive there. But the biodiversity 
is under threat: »If in the future the meadows and 
pastures are turned back into arable land and  
agricultural use intensifies, this will have negative 
effects on the bird fauna«, says Hölzel, who works  
as an ecosystems researcher at the Institute of 
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»There is a growing need for arable land to grow 
cereal crops for food and bioenergy.«



Black-tailed Godwit, still widespread in wet meadows.
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Blue Argus butterfly.

SCIENCE PORTRAIT 5

(S
ou

rc
e:

 S
. W

ek
in

g)

4 | 5

also derived a land-use classification for the area. 
They wish to show how land use has changed  
following the collapse of the Soviet Union through 
comparisons with earlier maps. From this basis  
they then intend to develop spatial models showing 
how farming could change and crop yields develop  
in the future. 

Accurate climate data from the steppe
The scientists are also treading new ground in  
their quest to establish the amount of greenhouse 
gases emitted from the grasslands. »There are 
measurements for the coniferous forests of the taiga 
and for the tundras of the sub-polar regions, but 
noone knows precisely how much carbon dioxide  
and methane are released into the atmosphere 
across the forest steppe region with its carbon-rich 
black soils and degraded peatlands east of the 
Urals«, says Hölzel. The findings of the SASCHA pro- 
ject are therefore of great interest to climatolo-
gists; until now they have had to rely on estimates  
in their climate models for Southern Siberia. 
The central task of the bi-national project is also to 
work out scenarios to show how farming in this 
region could look in the future. The requirements 
are clear: agricultural use should be sustainable.  
In other words, it should protect soil, water, and 
biodiversity while also ensuring an income for those 
employed in agriculture. The most important thing 
here is for the farmers to secure their guarantee  
of successful cereal cultivation: the fertile black soil. 
»The humus-rich black soil is the capital that 

of the increasing aridity of the steppe regions in 
Kazakhstan and Southern Siberia, cereal cultivation 
will shift further north into the forest steppe zone  
and the pre-taiga«, says Dr Johannes Kamp, a land-
scape ecologist from Münster University, who is 
coordinating the project. Such a shift carries risks 
because the wetlands, forests, and steppes of  
Western Siberia are some of the world’s most im-
portant carbon sinks. The wetlands alone cover 
600,000 km² and store a quarter of all carbon stored 
in terrestrial ecosystems. »If these carbon stocks 
were released, they would contribute massively to 
global warming«, Kamp explains.

For Hölzel’s research teams, however, eight sub-
projects are not just about investigating the conse-
quences of land-use change for the climate. The 
researchers also want to find out how this change 
affects biodiversity, soil fertility, and the water table. 
To allow them to model these consequences, the 
researchers are diligently gathering basic data 
which were not available previously. Zoologists and 
botanists for example are counting how many butter- 
flies, grasshoppers, birds, and plants occur in the 
three study areas, which together total an area  
of 1,200 km². »This was a blank spot in biodiversity 
research until now«, says Hölzel. The scientists have 

»If the carbon stocks from peatlands are  
released, they contribute to global warming.«



Ploughing in August.
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Stubble fields before sowing.
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by using them as organic fertilizer«, she explains.  
To avoid large quantities of excrement being left  
lying on nearby fields, transport facilities must  
be set up and waste utilised in ways that cause less 
harm to the environment. »Our aim is ultimately  
to come up with recommendations as to where and  

how the nutrients occurring in farming can be used 
most efficiently«, she says. But the SASCHA scien-
tists do not just want to make recommendations  
on the management of nutrients and organic carbon. 
»We also want to show that grassland does not 
always have to be ploughed up to expand arable far- 
ming«, Hölzel stresses. Yields from the land already 
under cultivation could certainly be further im- 
proved. For example: farmers in the Tyumen region 
harvest on average 20 double centners of wheat  
per hectare, while yields in Germany are three to 
four times higher. 
»By sowing rows closer together, using methods  
that conserve the soil better and fertilizing more 
extensively, yields can be further increased«,  
he says. The experts now have to provide scientific 
evidence that expanding into ecologically precious 
grassland also makes little sense from an economic 
point of view. »The aim is to be able to assess and 

allowed the farmers to profiteer here for many 
years«, says Hölzel. But meanwhile the soils have 
been degraded in many areas by their use for  
intensive monoculture. One of the SASCHA sub- 
projects is therefore aimed at investigating in partic-
ular how to stop the depletion of the humus layer  
in order to restore soil fertility.

Slurry as organic fertilizer
Soil scientist Professor Gabriele Broll, who con-
ducts research at the Geographical Institute of the 
University of Osnabrück, wants to set up a region- 
al material flow management system. The idea  
is to take nutrients that are produced in the form  
of manure and slurry from the cattle, pig, or poultry 
farms and to use these on arable fields as organic 
fertiliser. »This will increase the organic matter and 
thus the biological activity in the soil«, says Broll. 
Plenty of animal matter will be available for this 
purpose in the future: »The agricultural enterprises 
are substantially expanding animal husbandry«,  
says the scientist. Awareness of such use of live-
stock waste is still lacking on some of the farms.  
In many areas, excrement from poultry farms  
for example is piled up in heaps on open fields, and 
lakes of slurry are not uncommon. Nutrients then 
seep down into the ground as nitrates and pose  
a risk to groundwater. Broll therefore wishes to 
change the farmers’ attitudes towards dealing with 
livestock waste through training courses and work-
shops. »The agricultural enterprises must han- 
dle the animal products as sustainably as possible 

»We want to show that grassland does  
not always have to be ploughed up to increase  
agricultural productivity.«.



Daily milk collection – subsistence farming in remote villages.
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Grain drying – often the limiting factor during harvest.
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drilled into the stubble of the previous crop without 
tilling the land to any depth. 
Kühling also wants to try changing the seed used 
to grow wheat, barley, and oat crops. Until now  
the farmers have retained part of the harvest from 
previous years for resowing. This does not pro- 
duce optimum results however: »Germination rates  
are not particularly high«, explains the scientist, 
who is studying for her doctorate. The extensive field 
trials should show whether yields can be increased 
through the use of certified seed and modern  
technology. This form of sustainable intensification 
would remove the need to plough up more land. 
Kühling also wants to develop an instrument to pro- 
vide the managers of the agricultural enterprises 
with figures from which they can work out how 
sustainable their production is and how well they 
preserve soil fertility. 

Experiments with soya
Professor Dieter Trautz, also from the Osnabrück 
University of Applied Sciences, is working on an 
alternative way for farmers to react to climate 
change. The agricultural scientist experiments with 
soya. The plants have certain advantages: »Soy- 
beans are an important protein source. Some vari-
eties are less thermophile and could grow well  
in the Tyumen region«, Trautz affirms. He believes 
that soya could be marketed very well as animal  
fodder or tofu. In a pilot scheme at the university  
and through field trials his team is currently inves-
tigating how soya can be integrated into a crop  

plot the areas in which agricultural use of the land 
makes economical sense, taking account of biodiver-
sity, water quality and quantity, and carbon storage«, 
says Hölzel. He believes that this model could  
also be successfully transferred to other continental 
steppe regions in China, Mongolia, and Kazakhstan.

The German-Russian research project has come  
at just the right time for the farmers in the Tyumen 
region. Hölzel reports from his discussions with 
locals that soil degradation is becoming a serious 
problem for many of them. The agricultural enter-
prises also feel the first effects of climate change as 
the dryness of the region increases. Insa Kühling 

from the Osnabrück University of Applied Sciences  
is working with local agricultural businesses in  
a further SASCHA sub-project to investigate how 
different farming methods affect soil water content 
and fertility. »On many farms the land is still  
ploughed, while in other parts of the study area  
the soil is not tilled but only scarified«, she says. 
Neither method is ideal, as erosion and other  
problems can still occur. The agricultural scientist  
therefore wants to experiment by sowing seed  
directly onto the soil. With this method the seed is 

»The aim is to suggest areas that would  
primarily be used for agriculture, whereas  
others could be retained as protected areas.«
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cycle in rotation with rapeseed, maize, and wheat. 
»Soya is a legume, so it fixes nitrogen. This actually 
makes it very attractive for farming«, he says.  
In the experiments Trautz examines how well the  
soya plants withstand competition from weeds  
and how they can be protected against sudden drops  
in temperature in the spring, particularly during  
the susceptible early growth stages. If the experi-
ments go well, prospects for beginning soya cultiva-
tion are favourable, because Trautz knows he has  
the backing of the region’s politicians. 

Government wants to impose organic farming
The general political situation could also be advan-
tageous to the scientists’ proposals for a change  
of land use. In August 2012 Russia joined the World 
Trade Organisation (WTO). The Tyumen region now 
wants to lead the way in organic farming. »The 
Governor and Parliament see the future of agricul-
ture in organic farming«, says Nataliya Stupak, who 
analyses the underlying institutional and political 
conditions affecting land use in the Tyumen Oblast  
in a sub-project. This would make the region unique  
in Russia. Organic farming could be implemented 
here, with the regional government introducing 
funding programmes comparable to the European 
Union’s agri-environmental programmes. »In this 
way the Oblast could subsidise farming in the future 
and thereby satisfy WTO requirements«, says the 
agricultural economist. This would be likely to bene-
fit plant and animal species, and would help meadow 
birds such as the Black-tailed Godwit.

Project head:
Institute of Landscape Ecology | University of Münster 

Prof. Dr. Norbert Hölzel
Phone: +49  (0) 251-8333994
E-mail: norbert.hoelzel@uni-muenster.de

Project coordinator:
Institute of Landscape Ecology | University of Münster

Dr. Johannes Kamp
Telefon: +49 (0) 251-8330212
E-mail: johannes.kamp@uni-muenster.de

Contacts in the study region:
Tyumen State University

Prof. Dr. Andrei Tolstikov
Telefon: +7 9044-924191
E-mail: atolus@yahoo.com

Funding: 3.8 million Euros

Funding period: August 2011 bis Juli 2016

Production systems that are being 
investigated in the region are:  
agricultural systems (intensive and 
extensive), bioenergy, livestock

SASCHA
www.uni-muenster.de/SASCHA/en/

Wood strawberries are gathered by the bucket in the 
forest steppe, as here in Ishim.
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NEW APPROACHES  
IN RICE CULTIVATION
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Grasshoppers can have both beneficial and detrimental 
effects on rice ecosystems.

Tilling of a paddy field north of Hanoi, Vietnam.
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Half of the world’s population lives on rice. How
ever, rice is not cultivated ecologically and sustai n
ably everywhere: it is normally grown with the 
application of mineral fertilizers and often sprayed 
to control weeds, pests and diseases. In Vietnam 
and the Philippines, Asian and German scientists 
are now searching for more sustainable ways to 
manage rice ecosystems.

 T he Brown Planthopper (BPH) reaches a length 
       of only a few millimetres. But the damage caused 
by this and other species of plant- and leafhoppers  
in Asian rice fields is immense. But what can be  
done to control these pests? Entomologist Professor 
Stefan Vidal from Göttingen University is investigat-
ing how natural enemies contribute to the control  
of planthopper abundance.

Vidal is conducting his research in Philippine rice 
landscapes. Here, as in all rice environments, 
 so-called parasitoids are a core group of natural 
enemies, which include tiny mymarid wasps with  
a size of just 2 millimetres and which are specialized 
on rice planthoppers as hosts. They lay their eggs 
inside the planthopper eggs, which, themselves,  
are attached to the tissue of the rice stems. When  

the parasitoid larvae hatch they will feed on the 
 hopper eggs. Vidal’s hypothesis is that higher num-
bers of these wasps will result in fewer planthop-
pers damaging the rice plants.

Sustainable rice cultivation
Vidal is researching within the project  LEGATO, 
which stands for »Land use intensity and Ecological 
enGineering – Assessment Tools for risks and 
 Opportunities in irrigated rice-based production 
systems«. The project will have received a total of  
7.5 million Euros in funding from the Federal German 
Ministry of Education and Research by February 
2016. The main aim of the project, coordinated by 
agricultural ecologist PD Dr. Josef Settele from  
the Helmholtz Centre for Environmental Research  
(UFZ), is to find answers to how the rice ecosystems 
in Southeast Asia can be managed and developed 
sustainably. 

This is a matter of some importance: »Rice is a  
staple food crop: half of the world‘s population lives 
on it«, says Settele. The LEGATO scientists are con- 
ducting their research across seven study regions  
on Luzon Island in the Philippines and in North  
and South  Vietnam. The team of experts brought 
together by Settele from 22 research institutions  
in seven countries seeks to analyse how rice culti-
vation influences the surrounding landscape and 
ecological as well as human community and vice 
versa. They are focusing on ecological engineering, 
i. e. »the shaping and monitoring of ecosystems  

»Rice is a staple food crop: half of the world 
population lives on it.«
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»The bees need weeds and shrubs because they  
breed in the hollow stems.«

Forests above the rice terraces guarantee more continuous 
water supply and very high biodiversity (Luzon, Philippines).

Batad, a UNESCO World Heritage Site in Northern Luzon, 
Philippines, is one of the areas studied in the LEGATO project.
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with the aim of increasing the productivity of rice 
culti vation while maintaining or even improving 
sus tainability«, as stated by Dr. Kong Luen Heong  
of the International Rice  Research Institute (IRRI, 
Philippines).

Mymarid wasps kill planthoppers 
As part of this research Heong is also investigating 
how humans can improve the habitat for the natural 
enemies of the rice planthoppers. One ecological 
engineering approach that the LEGATO scientists  
are pursuing is to analyse how flowering plants on 
the bunds between the rice fields and within vegeta-
tion surrounding rice areas attract insects. These 
insects include the mymarid wasps (which kill the 
planthoppers but potentially also help to pollinate 
plants) and wild bees, which are generally important 
pollinators. The latter are the subject of a further 
working group led by Dr. Catrin Westphal from Göt- 
tingen University. The agricultural ecologist is inves-
tigating the diversity of bee species in the study 
areas. »Bees are an important functional group 
which can indicate the intensity of agricultural land 
use, like pesticide application, in the rice production 
systems«, she says. The occurrence of wild bees 
decreases with increasing intensity of rice culti-
vation. On the other hand diverse and flower-rich 
habitats have a positive effect on bee numbers. Initial 
studies suggest that the bees thrive best in exten-
sively farmed areas with mixed crops offering diverse 
and complexly structured habitats: »The highest 
numbers of bee species occur where banana plants, 

palms and shrubs are found in very close proximity 
to blossom-rich undergrowth«. The nectar gath-
erers are important, not only as indicators of an  
intact landscape but also because they provide a 
vital service for the local farmers. »The bees polli-
nate tomatoes, cucumbers and zucchini. Without 
them it would not be possible to grow vegetables,« 
says Westphal.

The weed-rich embankments between the rice  
fields also attract bees and wasps. Botanist Sabine 
Großmann is making a detailed study of the plants  
in and alongside the rice fields as part of LEGATO. 
She hypothesises that species-rich vegetation helps 
to keep hopper numbers down. »The bees need 
weeds and shrubs because they breed in the hollow 
stems«, says Großmann, a PhD student at UFZ. If 
these structures are not present, conditions are 
difficult for the wasps. The rice fields in the Philip-
pines and Vietnam are very diverse; the diversity  
of structures and the intensity of land use vary 
greatly from one region to another. This is apparent 
for example from the farmers’ use of insecticides  
to control hoppers and other pests:

»In the mountains of the Philippines, where people 
grow rice for their own consumption, there is no 
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»Our main concern is to make use of the  
rice farmers’ knowledge.«

Farmer Interview in Nueva Ecija province, Central Luzon,  
Philippines.

Traditional rice varieties: the grains are separated from the 
panicles immediately before cooking (Bangaan, Philippines).
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money for pesticides«, says Großmann. In the plains 
of Vietnam on the other hand, where rice is culti-
vated over much larger areas and which is to be 
sold, people are quicker to resort to the use of toxic 
sprays. However, they frequently choose the wrong 
time of year to do so: »In earlier times farmers in 
Vietnam’s Tien Gang Province used to spray. Then  
all the insects died off, but the hoppers were the 
quickest to recover afterwards«, says Dr. Ho Van 
Chien of the Southern Regional Plant Protection 
Centre (Long Dinh, Tien Giang, Vietnam). »But in the 
meantime the lesson has been learned and through 
Ecological Engineering we do not apply insecti cides 
any longer and consequently maintain biodiversity 
and its biocontrol services«.

This affects the hopper populations less severely 
than other species, as some individual specimens 
always survive. The result: »Large populations of  
the hoppers quickly develop and cause even greater 
damage to the rice«, says Heong. One of the aims  
of the project is therefore to show the farmers that  
it is possible to dispense with pesticides and in- 
stead to tackle rice pests by natural means. Project 
 coordinator Settele sees communication as an 
 important priority for the LEGATO project. »Our  
main concern is to make use of the knowledge of  

the rice farmers in Vietnam and the Philippines and 
to make them communicate among and between 
each other«, he says. The two nations are united by 
the effects of globalization. »Young people no longer 
want to work in the rice fields. Many are moving 
away because the work is very laborious and they 
hope to be able to earn more in the towns«, says 
Professor Monina Escalada of the Visayas State Uni- 
versity (VSU, Philippines), who is studying socio- 
cultural conditions within LEGATO.

Old traditions are being lost
Tourists are gradually discovering the picturesque 
rice terraces on Luzon Island. This brings money  
into the region, but it is contributing to an increase  
of the average cost of living for the local population. 
Overall, recent socio-economic developments and 
trends are the reason that rice growing is no longer 
sufficient as prior source of income. Most farmer 
families diversify their income base by non-agricul-
tural activities. The specified knowledge of the older 
farmers will be lost, if there is no-one left to take 
over their work. »Social structures have been deve-
loped on the basis of rice production under very diffi- 
cult circumstances. Recently, with changing lifestyle 
preferences of the younger people, and a significant 
shortage of qualified manpower in the rice terraces, 
the transmission of knowledge and traditions is 
intermitted or eventually being lost«, explains Vera 
Tekken from Greifswald University. For this reason 
strategies are needed to safeguard the farmers’ 
income from rice growing and to  stabilize yields.  
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»One farmer on his own can achieve little, if  
he alone stops using pesticides, while the others  
continue to spray.«

Today’s rice market is dominated by a multitude of mostly 
high-yielding varieties.

Meeting of stakeholders and social scientists from  
the LEGATO project in Hingyon (Philippines).
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In order to build up a relationship of trust, Escalada 
and Tekken are interviewing the rice farmers,  
asking them for specific problems related to rice 
production, under inclusion of  socio-cultural and 
social aspects. This not only takes up a considerable 
amount of time but also requires sensitivity. 

»Many farmers are disconcerted by the fact that 
Europeans want to give them advice on how to deal 
with their own crops«, Tekken explains. She is con - 
vinced that the effort is worthwhile: »We don’t want 
the farmers to turn to pesticides at the first oppor-
tunity to somehow deal with increasing problems 
and yield losses caused by pests, but rather for them 
to really consider ecological engineering as a use- 
ful tool.«

Uncertain future
Jimmy Cabbigat is one of the rice farmers in the 
Philippines. Cabbigat is aware of the importance of 
the LEGATO project: »Our forefathers laid out the 
rice terraces in order to survive. Now we have to 
consider how we can preserve the terraces for the 
future.« So the project aims to show the farmers 
practical options for maintaining rice cultivation in 
the uplands and taking best advantage of the ter-
races. For this reason Settele and the main project 
economist Dr. Joachim H. Spangenberg want to bring 
the farmers together with agricultural advisors, 
planners and those driving tourism. The rice farmers 
on the plains on the other hand are already working 
their land in a more commercial way, and with them 

the LEGATO scientists wish to discuss above all  
how to reduce their use of pesticides and fertilizers. 
»We want to prove that the rice farmers do not have 
to use expensive pesticides in order to make prof-
its«, says Spangenberg. It is crucial that the whole 

village implements these findings. »One farmer  
on his own can achieve little, if he alone stops using 
pesticides, while the others continue to spray their 
crops. Then the hoppers will simply move onto his 
land«, states IRRI entomologist Dr. Finbarr Horgan. 
But before their findings can be implemented, the 
scientists have to answer many fundamental ques-
tions for which very little data exists as yet, such as: 
How does the landscape affect the dynamics of the 
rice farming and the organisms that live there? What 
are the effects of climate and land-use change on 
the ecosystems and the services that they provide? 

One of the substances which has been little studied 
until now and for which many connections remain 
unclear is silicon. Rice is known to be one of the few 
plant species which can absorb quite large quantities 
of silicon and store it as silicon dioxide. For rice sili- 
con can be a limiting factor. »If the soil is fertilized 
with silicon, yields are increased«, reports UFZ 
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»If the soil is fertilized with silicon,  
yields increase«.

Rice planting in Bangaan (Philippines) – another World  
Heritage Site studied in the LEGATO project.

direction. Settele favours the research approach 
known as co-design in which the rice farmers are 
encouraged to contribute their own ideas. They 
complained for example that the so-called Golden 
Apple Snail is devouring the young rice plants.  
So LEGATO scientists Dr. Manfred Türke and 
 Pro fessor Wolfgang Weisser from the University  
of Technology in Munich are now investigating  
this problem. »Without the input of the local  farm- 
 ers we would not have been looking into this in  
more detail«, says Settele.

SCIENCE PORTRAIT 6

scientist Professor Doris Vetterlein. The rice plants 
are also less susceptible to attacks by pests and 
better able to withstand dry periods, and their stems 
are more robust with a more erect leaf canopy. It  
is presumed that this improves light absorption by 
the plants so that their photosynthetic rate is higher.
»In addition to all this, silicon plays an important  
role in fixing carbon in the soil«, says Vetterlein.  

For this reason greater attention is now focusing  
on the element in the debate on climate change. 
Vetterlein is working with Professor of Soil Science 
Reinhold Jahn from Halle-Wittenberg University, 
Associate Professor Nguyen Van Sinh from the 
Vietnam Academy of Science and Technology and 
other  colleagues to conduct fundamental research 
into silicon in the LEGATO study areas. The team 
wants to find out how much silicon is present in the 
soil, how it is absorbed by the rice plants and what 
happens to the silicon after harvesting when the  
rice plants are burned or left to rot in the fields.  
»If silicon should indeed prove to be a limiting factor, 
then the farmers would have to try to preserve as 
much of it in the system as possible«, concludes 
Jahn. Of course the local farmers are very inte - 
r ested in the findings of the LEGATO scientists. But 
there is also a transfer of knowledge in the opposite 
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Lower reaches of the Tarim in summer. Xinjiang’s main agricultural product: cotton.
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Disse seeks to implement this in the project »Sus
tainable management of River Oases along the  
Tarim River«, or SuMaRiO for short. The German 
Federal Ministry of Education and Research is giving  
7.5 million Euros in funding for the joint German 
Chinese project. Scientists from ten German univer
sities and research institutions and eight Chinese 
universities and scientific institutions are working 
together on the project. Their aim is to set up a sus
tainable oasis management system for the Tarim 
Basin which meets the demands of land and water 
users fairly in these times of climatic change and 
social upheaval.

The objective of the SuMaRiO project is ambitious, 
because many lay claim to the meagre volume  
of water available in the Xinjiang region. They include 
the ten million people living in the oases along the 
Tarim, who rely on the river for drinking water,  
the cotton farmers, local industry, and the animal 
and plant species of the floodplains. In this respect 
the cotton is both a blessing and a curse for the 
region. 40 percent of China’s cotton production  
is harvested in the fields along the river, represen
ting around 15 percent of world production. This 
brings a degree of prosperity to the region, and feeds 
the employees of the big stateowned and military 

The Tarim Basin is China’s most important cotton 
growing region. The cotton farms depend on the 
water carried there by the River Tarim. Artificial 
irrigation is causing ecological problems in the 
region however. A German-Chinese research team 
is now working to develop a sustainable use con-
cept for the oasis landscape.

 T he Tarim Basin in the extreme northwest of  
       China is a very special landscape: no other region 
in the world lies as far from an ocean. Enclosed by 
the foothills of the mighty Tian Shan, Hindu Kush and 
Kunlun Shan mountains, this extremely arid region 
has an annual precipitation of only 50 millimetres per 
square metre. It is only in the early summer that 
rainfall in the mountains increases, the snows thaw 
and the glaciers melt, causing torrents of water to 
come flooding into the valley so that life flourishes 
along the 1400 kilometre long river – particularly in 
the form of cotton farms, which have spread out  
over the oases along the river and which take water 
from it for their crops. »Without artificial irrigation 
the cotton farmers could grow nothing here«, says 
Professor Markus Disse, a hydrologist from the Uni 
versität der Bundeswehr München. But as a result, 
the floodplain ecosystem is deprived of the water 
removed from the river for cotton. Disse has there
fore set himself the objective of balancing the demands 
of the people and the environment in terms of water 
volume and quality, and thereby achieving the sus
tainable management of water and land resources. 
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»Without artificial irrigation the cotton farmers  
could grow nothing here.«



Euphrates poplars.
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Soil salinization.
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Protection for the Euphrates poplar
Because manmade dykes separate the river from 
the natural riparian forests, there is a shortage  
of water for the animals and plant species there  
that rely on regular flooding, such as the Euphrates 
poplar. The habitat along the River Tarim is extre
mely important for this tree species, as 60 to 70 
percent of the world’s Euphrates poplars grow here. 
In order to better protect the rare poplars and intact 
floodplains and to renature the disturbed sections  
of the river, Cyffka is drawing up a management plan. 
This will show which measures should be implemen
ted in which areas of the riparian forests in order  
to breathe more life back into the forests. The plan 
will serve as a basis for making proposals to the 
local authorities as to how they might distribute the 
water among the oases. »Vigorous riparian forests 
are important as socalled ecosystem service provi
ders«, says the ecologist. »They provide shade for 
people and domestic animals in the desert regions, 
they supply oxygen, they lower temperatures a little 
and they offer protection from the many sand and 
dust storms.« This last ecosystem service is a parti
cularly important one for China because without  
this »green belt« of riparian forests it would cost  
the country a lot to keep the roads clear of sand for 
example. Cyffka is now measuring soil humidity on 
test sites in the lower and middle reaches while  
his colleagues record groundwater levels, and he is 
mapping the forestry to find out whether the Euphra
tes poplars are receiving an adequate water supply. 
Wind measurements are also being taken and 

farms and the small farmers. However, this agricul
ture is also causing major ecological problems be 
cause the cotton requires a lot of water. The farmers 
obtain this by diverting water from the Tarim along 

artificial canals, particularly in the summer months. 
Cotton cultivation has increased dramatically in 
recent years, and the effects on the middle reaches 
and especially the lower reaches of the river are 
plain to see. »The hydrological and ecological system 
is disrupted nearly everywhere«, asserts Professor 
Bernd Cyffka, a geographer at the Catholic Univer
sity of EichstättIngolstadt. The scientist, head of  
the Neuburg Floodplain Institute on the Danube, is 
investigating the ecosystem services provided by  
the riparian forests along the Tarim in the SuMaRiO 
project. He says that the problems are obvious: in  
the past 30 years so much water has already been 
removed from the upper and middle reaches to irri 
gate the cotton and wheat fields after the snows melt 
that a 380kilometre stretch of the lower reaches 
receives hardly any water at all.

Sometimes this section of the river has lain dry for 
years. »All the water is used up over the summer  
for cotton growing«, says the ecologist. The irrigated 
agricultural land also oversalinates the water.

»The hydrological and ecological system is 
 disrupted nearly everywhere.«



Village life in the Tarim region.
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The natural Tugai vegetation: Euphrates poplars, reeds, 
tamarisks and species of apocynum.
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says: »The objective is to develop a farm model for 
the whole region which simulates the effects of 
different market and political scenarios on the agri
culture here.«

Ecologist Dr. Niels Thevs from the University of 
Greifswald is also working closely with the farmers 
in another SuMaRiO subproject. He is investigating 
which other crops the local farmers can grow to 
break their economic dependence on cotton. Thevs  
is considering two plant species which occur natu
rally along the Tarim: firstly reeds, which are also 
widespread in Germany wherever soil moisture 
levels are high enough. And secondly, a plant with 
pinkish-white flowers in the Dogbane family with the 
scientific name Apocynum pictum. »This plant is 
perfectly adapted to the changing water conditions  
in the floodplains«, says Thevs.

The plants grow up to a metre in height, and a tea 
can be made from their leaves which lowers blood 
pressure. Fibres can be extracted from the stems  
to manufacture textiles. While the ecological charac
teristics of reeds are already very well known, little 
is known about Apocynum pictum as yet. Thevs is 
therefore conducting fundamental research: in what 

special devices used to trap drifting sand so that the 
scientists can also quantify the ecosystem service  
of sand protection.

Data from 250 enterprises
A change towards a more sustainable water distri
bution would have consequences above all for the 
agriculture in the Tarim Basin. For this reason a 
group of researchers led by Dr. Reiner Doluschitz, 
Professor of Agroinformatics and Business Manage
ment at the University of Hohenheim, is gathering 
business data from the farms. So far he has sur
veyed around 250 enterprises, mostly smaller family 
businesses but also production units of the state 
farms that the central government in Beijing has 
established since the 1950s to encourage settlement 
in the region. Doluschitz wants to know what crops 
the farmers are growing, how high their yields  
are, what their outlays are and much more besides. 
»These figures are important because we want to 
find out how the farms adjust their cultivation and 
production methods when external factors change«, 
says the agricultural scientist. For example if less 
water is made available to the farmers for their crops 
in future, Doluschitz’s team of experts can predict 
the effects that this will have on individual busines
ses using mathematical models. And if the price  
of water increases, for example, or the world cotton 
market changes, or there is a shift in demand to
wards particular types of fruit and vegetable, the 
Hohenheim model should indicate how agricultural 
business management will develop. As Doluschitz 

»The objective is to develop a farm model which 
 simulates the effects of different market and political 
scenarios on the agriculture here.«



Lower reaches of the Tarim in summer.
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On the edge of the oasis – the start of the desert.
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it for the manufacture of textiles«, he says. Another 
argument in favour of use of the stems is that the 
small farmers have very little income in the autumn. 
»This could be an important source of extra money 
for the families«, says Thevs.

Software for local authorities
The scientific knowledge gained from the sub-pro
jects, which include for example many regional 
climate studies and extensive hydrological analyses 
of the River Tarim, is intended to lead to the deve
lopment of a decision support system. The project 
objective is for the SuMaRiO scientists to present this 
in 2016 as the end product of their investigations.  
The softwarebased system supported by 78 indica
tors is intended to provide the local authorities with 
sustainability analyses for land and water manage
ment. »For example if cotton production in the  
Tarim catchment area further expands, the system 
can show the effects of this on water, soil, climate 
and natural vegetation«, explains project coordinator  
Dr. Christian Rumbaur from the Universität der 
Bundeswehr München.
Or to give another example: how will land use in the 
Tarim catchment area change if the regional climate 
changes over the next few decades? The German
Chinese research team’s integrated approach of 
bringing sustainable thinking into land and water  
use and fostering ecosystem services is something 
quite new for the provincial government and local 
autho rities working with the SuMaRiO scientists.  
»Of course there is always a risk that the decision 

types of soil does the species grow? How much 
moisture does it need? How well does it tolerate salt? 
How is the plant distributed along the river? But  
this is only one of the tasks that Thevs has set him 
self. Above all the German scientist is seeking to 
offer an alternative source of income to those far
mers in the middle and lower reaches of the Tarim 
who are particularly affected by the volume of water 
removed from the upper reaches. »Private cotton 
farmers have no certainty that there will be enough 
river water for their fields in May or June, when the 
water shortage is at its worst before the thawing  
of the snow in the mountains«, says Thevs. So time 
and time again, the farmers lose their whole crops. 

Apocynum pictum – and the closely related species 
Apocynum venetum – could offer an alternative, 
because unlike cotton these plant species rely on 
ground water rather than surface water so they are 
better able to withstand dry years. Thevs is also 
drawing up a nutrient balance assessment for the 
herbaceous perennial. The hypothesis is that harves
ting of the leaves removes more nutrients than 
gathering of the dried stems no longer needed by  
the plant in winter. »This would suggest that use  
of the plant for tea puts it at greater risk than using  

»Private cotton farmers have no certainty  
that there will be enough river water for their 
fields in May or June.«
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support system will not be implemented«, says pro 
ject leader Disse. But he does not believe this will  
be the case: »The politicians and authorities are  
now recognizing the positive services that an intact 
ecosystem provides. They are fully aware of the  
fact that the natural system in the Tarim Basin is 
extremely fragile.«

Great political interest
The scientists are well served by the fact that the 
Chinese central government also has a political 
interest in developing the region in the longer term: 
firstly, because the Xinjiang region is thought to  
hold the biggest oil and gas reserves in China, and 
secondly, because the region is home to the Uyghur 
minority, which makes up half of its population. 
»There are social tensions. It is an important respon
sibility of the politicians to break these down in the 
future«, says Disse.
To further encourage acceptance of the decision 
support system, the SuMaRiO scientists also hope  
to involve authorities such as the local Department  
of Water Resources at an early stage by holding 
workshops. »The aim is to train the management 
staff so that they can use the software themselves«, 
says Rumbaur. And perhaps even more importantly: 
»The officials need to learn how to enter new data 
independently in order to keep the system up to 
date«. Only in this way can the support tool continue 
to be used after the project ends in 2016.

Project head:
Institute of Hydroscience | Universität der Bundeswehr München

Prof. Dr. Markus Disse
Phone: +49  (0) 8960043491
Email: markus.disse@unibw.de

Professor of Applied Physical Geography |

Catholic University of EichstättIngolstadt

Prof. Dr. Bernd Cyffka
Phone: +49  (0) 8421931392
Email: bernd.cyffka@kueichstaett.de

Project coordinator:
Institute of Hydroscience | Universität der Bundeswehr München

Dr. Christian Rumbaur
Phone: +49 (0) 8960044132
Email: christian.rumbaur@unibw.de

Contacts in the study region:
Xinjiang Institute of Ecology and Geography, Chinese Academy of Science

Prof. Dr. Zhao Chengyi
Phone: +86 9917885455
Email: zcy@ms.xjb.ac.cn

Funding: 7.5 million Euros

Funding period: March 2011 to March 2016

Production systems that are being investiga
ted in the region are: agricultural systems 
(intensive and extensive), Forestry, Settlement

SuMaRiO
www.sumario.de

River Tarim in autumn.
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Aerial view of the agricultural land and wind protection 
strips in the Virgin Lands region west of Barnaul.

Wind erosion event on 10.05.2005 in the German National 
Rayon, Altai region.

SCIENCE PORTRAIT 8

(S
ou

rc
e:

 M
. F

rü
ha

uf
)

2 | 3

project KULUNDA in eleven sub-projects. The Ger-
man Federal Ministry of Education and Research 
provides a total of 3.2 million Euros funding for the 
project, up to year  2016. Geo-ecologist Frühauf  
is the project leader and speaker for the German- 
Russian research consortium of 16 universities, 
non-university research institutions and enterprises. 
The scientists’ fundamental objectives are to deve- 
lop land-use strategies which stop or at least mini-
mize soil degradation processes and which also 
stabilise and increase crop yields at the same time. 
In addition, the project aims to support sustain- 
able land use, rural and regional development to 
better withstand climate change challenges. 

To achieve this, the scientists are analysing soil  
and vegetation degradation in the Kulunda Steppe 
attempting to minimize the deficiencies of global 
models to assess the carbon balance and thus the 
greenhouse effect on these arable steppes. In 
 addition, they attempt to analyse the economic  
and social effects of the land use.
 
The scientists are concentrating on finding the  
best ways of shaping agricultural land use for future 
viability and restoring the disturbed ecosystems  

The Kulunda Steppe in the Soviet Union was once 
highly valued for arable farming.  With the collapse 
of the multinational state in the 1990s, large  
areas of the land fell into disuse. This situation  
has to be changed. A joint German-Russian research  
project seeks to ensure that land-use change deve-
lops as sustainably as possible.

 The Kulunda Steppe in the Altai region of south- 
      west Siberia was once regarded as one of  
the granaries from which the Soviet Union hoped  
to provide enough food for its population. In the 
so-called Virgin Lands Campaign of the 1950s and 
60s, Soviet leader Nikita Khrushchev had vast 
amount of steppe and grassland area converted  
into farmland, predominately for cereal cultivation. 
After the collapse of the Soviet Union at the begin-
ning of the 1990s, large areas of this farmland  
were left fallow. 20 years after the transition, the 
region is still undergoing changes. »After the inde-
pendence of the Ukraine and Kazakhstan«, says 
Professor of Geography Manfred Frühauf from 
Halle-Wittenberg University, »Russia has had to  
rely on its cereal producing regions to ensure the 
food supply. The Kulunda Steppe is therefore of a 
particular importance«. The government of the  
Altai region has therefore pledged to double cereal 
production in this agricultural area by 2025.

The effects of this land-use change are being inves-
tigated by the joint German-Russian research 
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»Following the independence of the Ukraine  
and Kazakhstan, Russia has had to rely on its cereal 
 producing regions to ensure the food supply.«



Humus and soil-carbon depleted southern Chernosem  
(Black Earth) region, Virgin Lands.
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Gully/ravine erosion on the Aley river  
(southern Kulunda Steppe).
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of land-use and climate change on the black and 
chestnut-brown soils prevalent in the region.

»We want to investigate how to build the humus con- 
tent of the soil up again by means of suitable land-
use processes«, says Schmidt. This would have 
many positive effects: higher levels of organic mat-
ter improve the soil’s capacity to store water, this 
safeguards and increases yields, stabilizes the soil 
and makes it less susceptible to erosion. In addition,  
this has benefits for the climate: large-scale enrich- 
ment of the soil with organic matter makes a signifi-
cant contribution to carbon storage and thus helps  
to protect the climate. »This is a win-win effect in  
many respects«, says Schmidt. So his research 
focus is to investigate how sustainable land-use 
processes adapted to local conditions can help to 
improve soil characteristics in the climatic condi-
tions of South Siberia.
The scientist from Halle sees possibilities for redu-
cing the farmers’ dependence on the meagre pre-
cipitation in the semi-arid region through better  
soil management, which can be achieved above all  
by the use of different methods how to prepare /  
cultivate the land. In particular, the farmers should  
be urged to use the no tillage (direct sowing) or 

to optimum functionality at the same time. Particu-
lar focus is on the region’s fertile black soil: this type 
of soil with its thick humic horizon once provided the 
basis for the flourishing cereal cultivation  
in the temperate grasslands of the Altai region.  
But the decades of arable land farming using the 
methods poorly suited to the local conditions led  
to the serious soil damage – so not only yields were 
declining but the soils were also becoming more 
vulne rable to degradation.

No new dust bowl
Because the State farms cultivated the land too 
intensively and too monotonously over too great an 
area, surface water and winds eroded the soils.  
In many places their humus content decreased by  
up to 50 percent. This greatly diminished the soil’s 
capacity to store water, carbon dioxide and nutrients. 
The scientists have pledged to prevent the West 
Siberian plains from turning into a second »global 
dust bowl«, as it was seen in the US Midwest in  
the first half of the 20th century. The great plains 
were struck by devastating dust storms in the  
1930s after the farmers turned a vast amount of the 
 prairies to cereal cultivation, thereby exposing  
the soil to serious erosion.

Consequently hundreds of thousands of people  
were forced to abandon their homes and farm- 
steads and move away. In the Kulunda Steppe, says  
a geoecologist of Halle-Wittenberg University  
Dr. Gerd Schmidt, we want to investigate the effects  

»We want to investigate how to build the  
humus  content of the soil up again by means  
of suitable land-use processes.«



Climate and soil moisture measuring station in the 
 Perwomaisk test area.
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Relics of Soviet farm technology in the agricultural steppe 
near Poluyamki.
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cost as an insurmountable obstacle: »It perhaps 
poses financial problems for the smaller enterprises 
but not for the larger ones, which often comprise 
farm areas of 20,000 hectares or more«, says Meinel, 
and he gives a sample calculation: if an enterprise 
saves 20 percent a year on seed and up to 50 percent 
on diesel through direct sowing, a sower for example 
will have paid for itself after six years.

Of course it is not always easy for the locals employed 
in agriculture to get used to the new technologies. 
Meinel urges an open-minded approach: »They 
mastered the old technology; now they must not be 
afraid of innovation«. 

To overcome the farmers’ distrust to the  new 
 machinery and to the scientific methods, the Kulunda 
scientists are holding so-called field days for 
 demonstration purposes. 
»Sometimes we have representatives from 300  agri- 
cultural enterprises at these field days. They come 
to see how we are working the land, what new varie-
ties of cereals we are planting and how the crops  
are growing in the fields«, says Frühauf. These events 
are important from a psychological point of view. 
»They create confidence among the farmers and  
give us hope that they will implement our findings«,  

mulch sowing methods. These would allow organic 
matter to accumulate in the soil, Schmidt explains.

Direct sowing pays
Meanwhile Dr. Tobias Meinel tests the possibility  
of implementation of the scientific approaches of the 
German-Russian research team on the trial sites. 
The objective of his experiments is to find methods 
that will benefit the environment, the climate and  
the local farmers. To quote one example: the less 
the land has to be worked before sowing, the lower 
the diesel consumption of the farmers’ tractors. 
»The areas are vast, so this saves the farmers quite 
a bit of money«, says Meinel, who handles business 
in Kazakhstan and Russia for a German agricultural 
machinery manufacturer. His first results are now 
showing that direct sowing in particular could not 
only benefit the environment but could also be profi-
table for the agricultural enterprises: »With wheat 
cultivation alternated with rapeseed, peas or linseed 
for example, the mix seems to work and to pay in 
economic terms«. The method is successful because 
the plant stubble from the previous year is still 
standing and the surface of the soil is broken only 
where the new seed is sown. This has beneficial 
effects for the soil microclimate, as Meinel explains. 
»The soil is better able to store water and the old 
stubble protects the seed well from drying out  
or being blown away«. But such precise methods  
of working the land also require precise fertilizer 
distribution and modern machinery, and this comes 
at a price. Meinel is aware of this, but does not see 

»They mastered the old technology; now they must not 
be afraid of innovation.«



Direct sowing trials on plots in the forest steppe of the 
 Kulunda region.
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Straw and stubble burning after the harvest.
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was a master of his machine; he was able to repair  
it, and had a high standing in the village«. Because 
many farms are now changing over to more sophis-
ticated machines, the tractor drivers are no longer 
able to repair them. Today this is a job for specialists 
who have to be flown in. »The tractor driver has  
lost his social status«, says Lentz. In the sub-project 
his research team wishes to identify such areas of 
conflict and work out ways of compensating for the 
loss of prestige of certain social groups by giving 
them new duties in order to increase acceptance of 
the new methods and technologies in the region.

Project intended to halt rural exodus
There is great interest in the eleven sub-projects 
from the Russian side. »The Altai region encompas-
ses 7.11 million hectares of agricultural land, so  
the question of increasing yields is very relevant«, 
emphasises Dr. Andrej Bondarovich, a geoscientist 
from Altai State University who is collaborating on 
the Kulunda project. New technologies could im-
prove the economic situation and help for example  
to prevent people from migrating away from the 
rural areas of the Altai. Moreover, as the leader of 
the KULUNDA project Russian coordination team 
Professor Vladimir Belyaev explains, the results of 
the research could allow measures to be developed 
to stop soil erosion. »The project gives us possibili-
ties for developing progressive technologies in order 
to increase cereal production and to adapt it to local 
conditions«, says Belyaev. This will help to ensure 
the sustainable development of the Kulunda region. 

says Frühauf. The initiative is also intended to resolve 
another central problem: »The communication of 
information in the region has been very poor until 
now«, explains Kulunda project coordinator Dr. Milada 
Kasarjyan. The field days can help to improve the 
knowledge transfer. 

Professor of Geography Dr. Sebastian Lentz, who  
is leading a sub-project to gather sociological data, 
also sees the need for confidence-building mea- 
sures of this kind. »Over the years the people of the 
Kulunda region have worked out their own way of 
dealing with the soil, the climate and the machi-
nery«, explains the Director of the Leibniz Institute 
for Regional Geography in Leipzig. This value system 
is now coming up against other values that the  
scientists are bringing into play. »The objective is  
no longer simply to achieve a particular amount of 
yields from the land but also to make a contribution 
to climate protection worldwide«, says Lentz. This  
is a new way of thinking for the local people. Lentz’s 
team is seeking to investigate how this change  
will affect those working in agriculture. The geo-
grapher explains the aim of his sub-project using  
the example of a tractor driver: »In the past, he  

»Over the years the people of the Kulunda  
region have worked out their own way  
of dealing with the soil, the climate and  
the machinery.«
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To ensure that good use is made of the scientific 
expertise in everyday life, the Kulunda team have 
called in an external German-Russian advisory 
committee consisting of six top experts in the fields 
of politics, government and agriculture, three from 
each side. »They offer us good advice in the form  
of annual statements, and also give us a lot of 
 support«, says Frühauf. The advisory committee  
can help for example to solve the challenge of 
 getting regional representatives from economics, 
government, politics and science together for a 
round table discussion. »We want to bring these 
stake holders together because we hope this will  
generate new ideas«, says Kasarjyan. This is  
how the idea cames to set up regional advisory 
centres for the farmers. 

Green light for the farmers
Frühauf is also aware of the difficulties. »We know 
there are risks because the agricultural market  
and the regional politics are difficult to predict«,  
he says. Nevertheless, the prevailing conditions are 
generally stable: regional support is currently very 
high and the cooperation with the Russian partners 
is proving to be highly successful. As Frühauf says: 
»If our concept works out, then the project can  
be a green light for the farms’ further self-develop-
ment.« This could be of a great future benefit to  
the region, and also to other temperate grassland 
 regions undergoing change to which the results 
could be transferred. 

Project head:
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E-mail: milada.kasarjyan@geo.uni-halle.de

Contacts in the study region:
Altai State University

Dr. Andrej Bondarovich
Phone: +79  (0) 130-262571
E-mail: andrej.bondarovich@yandex.ru

Funding: 3.2 million Euros
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Production systems that are being investigated  
in the region are: agricultural systems (intensive)

KULUNDA
www.kulunda.eu

Remaining natural dry steppe in the south-western 
 Kulunda Steppe.
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WAYS TOWARDS 
MORE SUSTAINABLE 
RUBBER CULTIVATION



Traditional land use: rice cultivation in the Naban  
River valley. 

Land cleared ready for new rubber plantations.

SCIENCE PORTRAIT 9

(S
ou

rc
e:

 L
.-

Z.
 M

en
g)

2 | 3

farreaching consequences. These are evident  
for example in the southern part of the Chinese 
prov ince of Yunnan, in Xishuangbanna, the second 
largest rubber growing region in China. Origi- 
nally covered by tropical rainforest, the landscape 
here is today dominated by rubber plantations. 
Primary rainforest is now found only in a few 
remaining areas of nature reserves. Driven by 
the high income potential, countless small-scale 
farmers in the region have switched from their 
traditional, subsistence-oriented farming to 
rubber production. This has consequences not 
only for the forest regions and their species 
diversity but also for the natural balance of eco-
logical processes.

Questions and objectives
How does the rubber boom affect the environ-
ment and the living conditions of the local popu-
lation, and what are the possibilities for mini- 
mising the negative effects? These questions  
are being investigated in the joint German-Chi-
nese project SURUMER (acronym for Sustainable 
Rubber Cultivation in the Mekong Region) in 
southern Yunnan, led by the University of Hohen-
heim in partnership with other national and 
international institutions. The German Federal 
Ministry of Education and Research (BMBF)  
is providing funding of 4.6 million Euros for this 
major project, and scientists from 19 univer- 
sities and research institutes in both countries 
are participating in the consortium headed on  

Natural rubber is an important primary product 
in the global economy. However, the growing of 
rubber tree monocultures also has negative 
effects on important processes in the ecological 
balance. German and Chinese scientists are now 
working together in a joint project to develop 
solutions which will allow farmers to grow rub- 
ber in an ecologically and economically sustai-
nable way.

 Latex mattresses, rubber gloves, tap washers 
–    natural rubber can be found in many useful 
everyday objects. By far the biggest quantity of 
this natural resource – around three-quarters of 
world production – is needed by the tyre and auto- 
mobile industry. Demand for rubber has grown 
enormously with the economic upturn in Asia. One- 
third of the rubber produced worldwide is now 
consumed by China – more than the consumption 
by the EU member states, USA and Japan com-
bined. Natural rubber is obtained from latex, the 
sap of the rubber tree (Hevea brasiliensis). Al-
though the tree is native to Amazonia, today around 
91 percent of all rubber originates from the tro p-
ical regions of Asia. More than half of this comes 
from the so-called Greater Mekong Subregion 
(GMS), comprising the countries bordering the 
Mekong River (Cambodia, Laos, Myanmar, Thailand, 
Vietnam and the Chinese province of Yunnan). 

Rubber is grown almost exclusively in mono- 
cul ture plantations in these countries, with  
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Undergrowth killed off by herbicides in a rubber plantation.
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Typical landscape dominated by rubber plantations  
in Xishuangbanna, Southern Yunnan. 
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plantations for the local water balance and the 
effects of rubber cultivation on the quality and 
quantity of water resources. 

The University of Stuttgart Water Research Centre, 
the Tongji University in Shanghai and the Tsinghua 
University in Beijing are jointly developing a  
water management system. This should allow the 
authorities responsible for the Naban River Water- 
shed National Nature Reserve (NRWNNR) in 
southern Yunnan to assess the effects of possible 
measures and scenarios on ecosystem services 
such as clean drinking water. 

In order to determine the present state of the 
water body and to create the models to be used, 
the scientists are gathering and evaluating large 
volumes of data. They are taking water samples 
and investigating how water quality is affected  
by the present land use. Because many of the 
rubber plantations are established on hillsides 
and lack ground cover vegetation, the humus 
topsoil is eroded by heavy rains. Sediment, pesti-
cides and nutrients such as nitrates and phos-
phates are then washed into the nearby Naban 
River and its tributaries.

»This can have adverse effects on water quality 
and the spawning conditions for fish«, says  
Manuel Krauss, a research assistant at the Water 
Research Centre. To counter these effects the 
farmers could reduce their use of pesticides and 

the German side by Professor Georg Cadisch 
from the University of Hohenheim.

»The objective of the project is to investigate  
the effects of rubber plantations on the natural  
ecosystem processes and to develop scenarios 
for a sustainable, ecologically and economi- 
cally viable land use system for rubber cultiva-
tion«, the tropical research scientist explains. 
»The freely available natural services and 
 functions of the ecosystem are threatened by 
intensive rubber cultivation«. 

Ecological analysis of the system
Chinese and German scientists are working 
together in nine SURUMER sub-projects to inves-
tigate specific aspects. One sub-project is con- 
cerned with the carbon turnover in intensively 
cultivated rubber tree plantations of different 
ages compared to a natural forest ecosystem. 
The scientists are analysing the soil and plant 
carbon stocks, the gaseous discharges from the 
systems and the losses through soil erosion. An- 
other focal point is the hydrological cycle. The 
scientists are investigating the importance of 
water release through evaporation from rubber 

»The freely available natural services and  
functions of the ecosystem are threatened by 
intensive rubber cultivation.«



Station for measuring water quality on the Naban River in the 
Naban River Watershed National Nature Reserve (NRWNNR).
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Collection point for the tapped latex, which is transported 
to factories for processing.
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known as ›green deserts‹«, says ecologist  
Dr. Konrad Martin from the University of Hohen- 
heim. To allow a more accurate assessment of 
the importance of various natural and agricul-
tural habitats for species diversity in a landscape 
dominated by rubber plantations, Martin and his 
research team and partners from the Chinese 
Academy of Sciences are investigating the wild 
bee fauna in the region. This insect group has 
been chosen with good reason: wild bees are the 
most important pollinators of wild and cultiva- 
ted plants in tropical Asia. »The forests are an 
important habitat for the wild bees; they depend  
on them«, Martin explains. If the rainforests  
are sacrificed to make way for the rubber planta-
tions, many species would vanish. This would 
also have negative consequences for humans. 
»Most agricultural fruit and vegetable species 
are pollinated by insects«, says Martin. If the  
wild bees disappear from the landscape they  
will be not be available for crop pollination. The 
farmers in the region also gather honey from 
various wild bee species.

Socio-economic effects
By taking the decision to swap their traditional, 
subsistence-oriented agriculture for rubber 
production, the small-scale farmers in the region 
have so far been successful. The changeover has 
proven an effective way of escaping poverty.  
»The profits to be made from rubber cultivation are 
significantly higher than those from tradi tional 

could also use plants as undergrowth in the rub- 
ber plantations to reduce the risk of erosion. »It 
would also be possible to establish buffer strips 
of shrubs and small trees along the streamside  
in order to reduce the quantities of fertilisers and 
pesticides entering the river«, Krauß suggests.

The expansion of the rubber plantations at the 
expense of natural forests and traditional land use 
systems also presents a major threat to the diver- 
sity of natural animal and plant species. This is 
all the more serious in the southern Yunnan region 
because it is part of the so-called Indo-Burma 
biodiversity hotspot and thus one of the most im- 
portant areas for species diversity worldwide. 

Protected areas such as the Naban River Water-
shed National Nature Reserve have been estab-
lished to preserve this species richness. Around 
2,000 species of vascular plants and nearly  
400 species of vertebrates have been recorded  
in this region alone.

»Rubber monocultures exhibit extreme poverty 
of mammal, bird and insect species compared  
to natural forests. For this reason they are also 

»Rubber monocultures exhibit extreme  
poverty of mammal, bird and insect species  
compared to natural forests.«



Alpinia oxyphylla, a medicinal plant growing as under- 
growth in a rubber plantation in Hainan.
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Wild bees also provide honey and bee larvae, which are 
prized as a delicacy.
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and ecological crises caused for example by crop 
disease, pests, unfavourable weather or changes 
in climate. Yet evidently many farmers think  
only of short-term financial gain before all else. 
Waibel’s interim results confirm this. »In Xishu-
angbanna, significantly fewer people than we  
first supposed live below the absolute poverty 
line of 1.25 US dollars per head per day defined 
by the United Nations«, says Waibel. The Chinese-
German research team also wishes to find out 
whether the farmers set aside reserves from 
their rubber profits to tide them over when money 
is tight. »In times of crisis the farmers tend to 
prefer to sell their assets rather than forego per- 
sonal consumption«, Waibel reports, referring to 
findings from other Asian countries where rubber 
cultivation is also expanding. This could even  
lead them to a relapse into poverty.

Development of alternatives
One possibility for reducing the economic risks  
of rubber monoculture in the scientists’ opinion is 
crop diversification, in other words expansion of 
the crop range to include species that could bring 
in additional income for the farmers. This idea is 
being investigated in a further SURUMER  sub-pro- 
ject. »In the study region, nearly 500 wild plant 
species are used as medicinal or food plants«, says 
project coordinator Langenberger. The challenge 
is to identify species which are on the one hand, 
shade tolerant and able to thrive as undergrowth 
in the plantations, and on the other hand, 

agriculture«, says agricultural economist Pro-
fessor Hermann Waibel from the Leibniz Uni-
versity Hanover, who is working with Chinese 
agricultural economists in another SURUMER 
sub-project to gather socio-economic data from 
600 families in around 40 villages in the Xishu-
angbanna Dai Autonomous Prefecture. The 

 scientists wish to conduct an economic analysis 
to investigate the financial risks associated with 
rubber cultivation for the family households. 
»Rubber is used almost exclusively for industrial 
purposes, so its demand depends heavily on the 
dynamics of the world economy. This means that 
there are often large fluctuations in rubber prices, 
which can sometimes fall through the floor as 
happened in the world economic crisis of 2008«, 
says Dr. Gerhard Langenberger, coordinator of 
the SURUMER project on the German side. 

The small-scale producers’ total dependency  
on a single product exposes them to further 
risks. By deciding to grow rubber they are com-
mitting themselves for decades to come, and  
are thus unable to react flexibly to economic  

»Rubber is used almost exclusively for  
industrial purposes, so its demand  
depends heavily on the dynamics of the  
world economy.«
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accept able to the farmers in terms of market value 
and the effort required to manage them. 

Suitable species can be found in particular among 
the wild plants of the forests. »The scientists have 
already identified certain highly promising can-
didates such as local varieties of asparagus and 
Herb Paris«, Langenberger continues. An alter-
native rubber cultivation system with higher species 
diversity could also reduce the negative effects  
of monoculture cultivation: suitable undergrowth 
can counter soil erosion, stabilise the hydrologi-
cal cycle and provide flowers for wild bees.

Expectations and future prospects
The scientists aim to present the results of their 
research in November 2016. Their local project 
partners are also hoping for innovative solutions:  
»I anticipate good results, so that we can practise 
sustainable rubber cultivation and better protect 
biodiversity«, says Liu Feng, senior manager of the 
Naban River Watershed National Nature Reserve. 
Rubber may bring considerable profit to the region, 
but it also causes enormous harm to the environ-
ment. »Everyone in the region is aware that the 
present agricultural practices are not sustainable, 

Project head:
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Phone: +49  (0) 711-459-22438
E-mail: cadisch@uni-hohenheim.de

Project coordinator:
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E-mail: langenbe@uni-hohenheim.de
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World Agroforestry Centre – China Program |  
Kumming Institute of Botany (KIB) | CAS 
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E-mail: j.c.xu@cgiar.org
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Interview with a farmer and his family in the Naban  
River Watershed National Nature Reserve.
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Production systems 
that are being 
investigated in the 
region are: Agriculture 
(industrial and 
extensive), Forestry, 
Agroforestry, Tourism,
Rubber Produktion

and also that they carry great risks for the farmers«, 
Langenberger confirms. The objective of the research 
project is to shape rubber cultivation as sustainably 
as possible. The foundations for this are provided 
primarily by the cooperation with partners from re- 
nowned Chinese universities and research institutes. 
»The participating scientists have much experience 
in this area, and all contribute important specific 
knowledge to this intercultural and inter disciplinary 
work group«, acknowledges Langenberger. »This is 
a scientific cooperation on equal terms«.

»In the study region, nearly 500 wild  
plant species are used as medicinal or  
food plants«
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Sheep grazing in a polder in Zeeland, The Netherlands. Dune erosion in the »Heiligensee und Hütelmoor«  
nature conservation area on the Baltic coast.
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severely affected by a change in climate: the hin
terland lies up to two metres below sea level. 
 Already for many years it has been necessary to 
drain the farmland by pumping water from behind 
the dike into the sea in winter. This is expensive  
and consumes a lot of energy. Climate change could 
exacerbate this situation if, as predicted, the sea 
level rises, flooding becomes more frequent and 
more precipitation falls in winter. The dikes have 
provided sufficient protection until now, and although 
raising them higher would not present any tech 
nical difficulties, this would be a costly operation  
and would take a long time, as project coordinator 
Kleyer explains, citing Lower Saxony as an example: 
»Lower Saxony is responsible for 700 kilometres  
of dikes. If it wishes to raise the crown of the dikes 
by half a metre, it manages to do so at a rate of  
only seven kilometres a year, and must allow costs 
of up to 40 million Euros for this«, he explains.  
What is more, there is a risk that the heavier dikes 
could sink in some areas, causing the lighter  
land behind to raise up.

Thus it is questionable whether technical measures 
alone are the ultimate solution for absorbing the 

Climate change will affect Germany’s coastal   
landscape – this much seems certain. But what  
can be done to protect humans and the landscape  
from the effects of climate change in the future? 
Scientists in the research project COMTESS are 
working out scenarios aimed at assisting the 
decision- makers in politics and government with 
the generational challenge of coastal protection.

 T he North Sea coast between Greetsiel and Emden 
       is a picturesque landscape. Geese, ducks and 
many other bird species feed happily on the mudflats; 
sheep graze on the dikes, and farming is flourishing 
in the hinterland. Life in this part of Eastern Frisia is 
certainly good at present. But will the future look  
as rosy for this idyllic coastal landscape and its inhab
itants? A research project allocated 3.3 million Euros 
in funding by the German Federal Ministry of Edu
cation and Research seeks to find detailed scientific 
answers to this very question by the end of 2015,   
concentrating on two areas on the North Sea and 
Baltic coasts. The project, titled »Sustainable Coas
tal Land Management: Tradeoffs in Ecosystem 
Services«, or COMTESS for short, is coordinated by 
Professor Michael Kleyer from the University of Olden 
burg. Seven German universities are also involved, 
along with international scientists and partners from 
a number of nature conservation organisations.

The Eastern Friesland project area on the North Sea 
coast is one of the regions that could be particularly 
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»We want to investigate how far climate  
change can intensify and the sea level rise  
before the existing land use along the  
coast is no longer productive«.



Extensive grazing of coastal areas in Denmark at risk  
of flooding.
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Rewetting in the »Grenztalmoor« nature conservation 
area in MecklenburgWest Pomerania.
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the reeds growing within the polder would not be 
used for energy but would be left standing to remove 
carbon from the atmosphere and store it as peat. 
And in the third »Trend« scenario, the present dairy 
cattle farming and grassland management would 
continue unchanged. The COMTESS scientists still 
wish to model the effects of rising groundwater 
levels on agriculture, however, as these will lead  
to higher drainage costs. »The ecological and eco
nomic sustainability of this type of land use could 
decrease significantly«, says Kleyer. The scientists 
also seek to calculate and assess the consequences 
of changes in ecosystem functions such as the  
water balance or soil conditions for the flora and 
fauna and for humans. Ecosystem services can  
be clearly illustrated taking reeds as an example: 
the tall- growing grasses reduce the risk of flooding 
by increa sing evaporation. They also bring in reve
nue for the farmer, if used for energy. On the other 
hand, the reeded areas are no longer available to  
the farmer for growing cattle fodder or for grazing.

»We wish to quantify and assess such ecosystem 
services ecologically and in socioeconomic terms«, 
Kleyer explains.
The scientists are focusing on these issues in differ
ent study groups working in two project areas, one 

effects of climate change. The COMTESS scientists 
are therefore working to find alternatives. Kleyer 
describes their approach as follows: »We want  
to investigate how far climate change can intensify  
and the sea level rise before the existing land use 
along the coast is no longer productive. The question 
then arises as to how a sustainable alternative use 
might appear«. In his view the research team are 
breaking new scientific ground in that they are 
 simulating climate change in terms of its effects  
not just on the climate and sea levels but on the 
whole landscape. 

Future ideas for the region
To allow them to make an assessment of possible 
future developments, the scientists are basing their 
research on three scenarios for which they wish to 
simulate the effects of rises in sea level and climate 
change until the year 2100. The »Water Manage
ment« scenario provides for the construction of a 
water storage area surrounded by embankments,  
a socalled polder, in lowlying areas. This polder 
can absorb salt water when the dikes flood and  
also store excess fresh water from the hinterland 
during the winter months. The water could be used 
during dry periods in the summer to irrigate the 
fields and grasslands for example, while the reeds 
growing in the polder could be used for bioenergy.

»With this option, smaller, very low lying areas 
would have to be set aside as polders«, says Kleyer. 
In the second scenario »Carbon Sequestration«,  

»Smaller, very low lying areas would have  
to be set aside as polders.«



Brackish water reeds in the Barth Lagoon, Baltic coast.
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Managed realignment in the »Insel Koos, Kooser See und 
Wampener Riff« nature conservation area.
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changes, the cattle farming on the grassland that 
has been practised until now could hardly continue«. 
The scientist has established that this is already  
the reality in some parts of the meadows on the 
Krummhörn where the salt has risen. »The water 
there is already so brackish in summer, that the 
cattle can no longer drink it.«

In another COMTESS subproject, scientists from 
the Universities of Rostock and Oldenburg are 
 investigating the consequences of the three base-
line scenarios on carbon binding and on methane 
and nitrogen concentrations, both of which play  
a significant part in climate change. In the North  
Sea project area, soil scientist Professor Luise Giani 
from Oldenburg University is focusing her attention 
on reeds. The intention is to grow these in the  
future polder areas. Her investigations to date have 
established that reeds release large quantities  
of methane. »This is possibly due to the fact that the  
reed stocks that we analysed are still very young«, 
says Giani.

If the reed stocks were older, she assumes that  
the methane emissions would be lower. Giani wishes 
to investigate this more thoroughly in further expe r
iments. With the grasslands it is the extensively  

on the North Sea coast between Greetsiel and 
 Emden on the Krummhörn and one in the Baltic  
Sea region near Rostock on the Barther Bodden 
lagoon. In Eastern Friesland, coastal engineers from 
the Braunschweig University of Technology are 
investigating for example how far and how fast sea 
water can penetrate into the hinterland. The planned 
extension of the dike line seems likely to ensure  
that the dikes would remain safe even if the water 
level rose by a metre.

Salination becoming a problem
Many of the COMTESS subproject groups are 
 working on the basis of research conducted by  
Dr. Thomas Gräff from the University of Potsdam 
who has produced models of the water levels and 
salt content in the inland project areas. He is  
paying particular attention to the problem of sali
nation. »The salination of the substratum will in
crease with climate change, and will strongly affect  
use of the land behind the dikes«, the hydrologist 
explains. If as a result of climate change less rain 
falls in the summer in future and temperatures  
rise by between 2 and 4 degrees Celsius, as pre
dicted, more surface water will evaporate. Salt 
water will then be drawn up onto the surface of the 
soil, especially during dry periods. In the project 
region this would not be a rare occurrence, since  
a third of the study area lies below sea level and  
has to be drained by artificial means. This has an 
effect on land use. Gräff outlines the consequences: 
»The land becomes more saline, the vegetation 

»The water there is already so brackish in summer, 
that the cattle can no longer drink it.«



Dunes and beach at Ahrenshoop, DarssZingst.
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Drainage ditches in Eastern Frisia, North Sea coast.

SCIENCE PORTRAIT 10

(S
ou

rc
e:

 H
. T

im
m

er
m

an
n)

8 | 9

scientist from Oldenburg University, who is studying 
for a doctorate on the roles played by the actors in 
planning processes. »The stakeholder scenario and 
the three other COMTESS scenarios will be compre
hensively assessed according to consistent criteria«. 

Polders regarded with scepticism
Already a direction is emerging: »Essentially there  
is a preference for the »Trend« scenario, in other 
words for business as usual«, she says. This is above 
all because of the well constructed drainage sys
tems, which the experts trust. »The users favour 
technical solutions, with the argument that they  
have always worked very well until now«, explains 
Karrasch. Possible polders are viewed with scepti
cism. »If land has to be given up for new flood  
areas, the area of land available for typical use is 
greatly reduced« – this is the fear of many users.  
Of course the stakehol ders are also faced with  
a dilemma. »Many realize that climate change is a 
reality and will have consequences. For this reason 
they want the land to be used more sustainably,  
but they are reluctant to begin taking measures on 
their own doorstep«, says Karrasch. 

Godehard Hennies, a member of the work group 
accompanying the COMTESS project, is eagerly 
awaiting the scientists’ results. Naturally the Man
ager of the Regional Association of Water Authorities 
is in favour of reliable coastal protection since  
the Association represents the 24 main dike autho
rities along the North Sea coast. 

used land remaining under water for a long time  
that releases methane in particular. »We have  
not yet established a connection with soil type, 
groundwater level and carbon content«, she says.  
It is conceivable, however, that there is a connection 
with labile carbon, or easily degradable carbon 
compounds. Further investigations should confirm 
this. »On the other hand, hardly any methane is 
released from intensively used grassland areas that 
are drained«, says Sarah Witte, who is studying  
for a doctorate at the University of Oldenburg Insti
tute of Biology and Environmental Sciences.

In the COMTESS project, however, the intention 
is not just for the scientists to contribute their 
 expertise: practical action is also required. In one 
subproject, socalled stakeholders are deve 
loping their own scenario to reflect their view of  
how the project area landscape might look in the 
future. Leena Karrasch has been able to persuade 
fifteen experts and decision-makers from local 
authorities, groups and organisations in the fields  
of water management, agriculture, nature con
servation, politics and tourism to participate in a 
regional planning group. »Behind all this is the 
attempt to arouse understanding of the need for 
sustainable land management«, explains the 

»Hardly any methane is released from inten- 
sively used grassland areas that are drained.«
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Together the associations maintain the dikes over  
a total distance of some 650 kilometres. »Coastal 
protection is a longterm task«, says Hennies.  
For this reason he is also very interested to learn 
which coastal protection measures might make 
sense from the scientists’ perspective. There is  
still much that requires clarification, particularly 
with regard to the possible effects of climate change 
on the North Sea: how will wind conditions in the 
German Bight change? Can salt water advance  
into the agricultural land? What effects will this 
have? Are the dikes high enough? To allow a reaction 
to such questions before it is too late it is impor- 
tant for the COMTESS scientists to identify the 
 different options for action.

Advice for the experts
Project Leader Kleyer sees it as another central  
task of COMTESS to offer wellinformed advice.  
»Our scenarios are intended to provide advice to 
help the local experts and politicians with the 
 decisions they have to make regarding coastal pro
tection and the shaping of the landscape«, he says. 
Kleyer is aware that these scenarios, which could  
be applied to other similar coastal landscapes  
in North America and Korea, also present a major 
scientific challenge: it will be difficult for example  
to model the effects of the water balance on ani 
mal and plant species. Until now these have been 
based only on rough assumptions which do not 
reflect the reality. As Kleyer says: »This diversity 
cannot be described in mathematical equations«. 

Project head:
Institute of Biology and Environmental Sciences | 
University of Oldenburg  

Prof. Dr. Michael Kleyer
Phone: +49  (0) 441-798-3278
Email: michael.kleyer@unioldenburg.de

Project coordinator:
Institute of Biology and Environmental Sciences | 

University of Oldenburg

Martin Maier
Phone: +49  (0) 441-798-3075 
Email: martin.maier@unioldenburg.de

Funding: 3.3 million Euros

Funding period: January 2011 to October 2015

COMTESS
www.comtess.uni-oldenburg.de

Brackish water reeds on the River Ems, Eastern Frisia.
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There is also a great deal of feedback to take into 
account in the modelling of the water balance. 
 »Models on precipitation, ground water levels and 
the absorption capacity of the soil all have an 
 influence here; it is not easy to link all of these 
 together systematically«, he says. But the landscape 
ecologist from Oldenburg and his COMTESS team 
are happy to tackle these hurdles in order to be  
able to offer sustainable solutions for the genera
tional challenge of coastal protection.

Regional production systems researched are:
Agriculture (extensive), livestock, tourism



»COMTESS« is one of twelve regional projects funded 
by the Funding Measure »Sustainable Land Management« 
(Module A) provided by the Project Management Agency 
(PTDLR) on behalf of the German Federal Ministry of 
 Education and Research (BMBF).

Science Portrait 10 is published in the context of the Funding 
Measure »Sustainable Land Management« of the German 
Federal Ministry of Education and Research (BMBF).
www.sustainable-landmanagement.net

Publisher:
Scientifi c coordination and synthesis (GLUES) 
Helmholtz Centre for Environmental Research – UFZ
Department of Computational Landscape Ecology 
Permoserstraße 15 | 04318 Leipzig

Editorship: Andreas Werntze, MSc.
Email: andreas.werntze@ufz.de

Author: Benjamin Haerdle, February 2013

Layout: Metronom | Agentur für Kommunikation 
und Design GmbH, Leipzig



SCIENCE PORTRAIT 11

GREATER  
SUSTAINABILITY FOR 
MADAGASCAR  

(S
ou

rc
e:

 D
. P

lu
gg

e)



The Baobab tree with its vast water storing trunk is  
characteristic of Madagascar’s dry regions.

Lake Tsimanampetsotsa is a 15-kilometre long salt lake  
which gives its name to the national park in the study region.
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Madagascar are working together to develop 
 alternative land use strategies for several  
different ecological areas in the south-west of  
the island. Ganzhorn sees the bi-national  
project as taking an innovative approach, and 
 describes its central aim as follows: »Through 
 sustainable land management we want to  
find new ways of improving the living conditions  
of the local population without harming the 
 ecosystem and the extraordinary biodiversity«. 
Conditions in the natural landscape of the  
800,000 hectare Mahafaly Plateau make it difficult 
for people to live here: the region is the driest  
in the whole of Madagascar. It is therefore very  
hard to farm and raise cattle here. »The people 
practise subsistence farming, and are dependent 
upon what nature provides«, says Ganzhorn.  
There is virtually no economic development;  
the region is regarded as one of the poorest of  
the island. In order to survive, some people use 
natural resources extensively, resulting in  
degraded and eroded soils, fragmented forests  
and sedimented river valleys.

 »This is harming the basis of the local people’s 
livelihood in the long term and destroying a unique 
ecosystem«, says Ganzhorn.

The south-west of Madagascar is regarded as  
one of the poorest parts of the island. For the 
peoplewholivehere,survivalisoftendifficultin
this region plagued by drought. Now, however, 
experts from Germany and Madagascar are  
trying not only to improve the living conditions of 
the native population but also to ensure better 
protectionoftheisland’suniquefloraandfauna 
in the SuLaMa research project.

 Madagaskar is the home of the lemurs. Around 
        100 species of these animals with the character - 
istic big eyes that belong to the order Primates live 
here. The lemurs are representative of many other 
endemic animal and plant species that occur only on 
this island off the eastern coast of Africa. »The num- 
ber of endemic species in Madagascar is unique world-
wide and from the point of biodiversity therefore of 
great interest to scientists«, says Jörg Ganzhorn. 
The zoology professor from the University of Hamburg 
is leading the research project funded by the Ger- 
man Federal Ministry of Education and Research, 
 »Par ticipatory research to support sus tainable land 
management on the Mahafaly Plateau in south- 
western Madagascar«, or SuLaMa for short. Six Ger-
man universities, the two Madagascan uni versities 
Anta nanarivo and Toliara and five non-governmental 
 organisations are involved in the project.

Forestry scientists, economists, agronomists and 
social and cultural scientists from Germany and 
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»The number of endemic species in Madagascar  
is unique worldwide.«



The people on the Mahafaly Plateau live essentially by 
transhumance and animal husbandry.
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Manioc is one of the basic foodstuffs in the region,  
along with maize.
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drought-resistant cereal types such as sorghum 
wheat and millet are being grown along with 
 different varieties of maize. The experiments are 
intended to demonstrate how productivity can be 
increased using dung from the people’s zebu herds. 
The results are important because project leader 
Ganzhorn expects that this region of Madagascar 
will suffer the most severe effects of climate  

change, and especially an increase in dry periods.  
»If it rains even less here in the future, then the 
whole social system in the region will collapse«,  
he says, emphasising the importance of the research 
into alternative crop types. The German-Madagas-
can research team is also conducting trials in vege-
table cultivation in the coastal region. These should 
help the inhabitants to increase yields of tomatoes, 
carrots, onions and aubergines from their gardens 
by methods such as small-scale irrigation systems. 
»We have handed out seeds to the farmers at 
 information events and suggested different farming 
methods to them«, explains Brinkmann. The farmers 
can then decide for themselves which options  
work best for them: with or without fertilizer, with 
zebu dung or charcoal, with varying levels of irri-
gation or growing crops under trees for shade.

One of SuLaMa ś subprojects is therefore concen-
trating on the question of how new types of agricul-
tural land use can make life easier for the people, 
and how natural resources can be used more effec-
tively at the same time. Until now, for example,  
the people have not been in the habit of fertilizing  
the land or leaving crop remains lying on the fields  
in order to replenish the humus content of the soil. 
»So already just by small measures the people  
will be able to increase yields«, says Dr. Susanne 
Kobbe, a biologist at the University of Hamburg  
and the SuLaMa project coordinator.

Fertilizertrialsonmaniocfields
Scientists from the University of Kassel have there-
fore laid out trial fields in several villages on the 
Mahafaly Plateau where they are using cattle  
and goat dung and charcoal to fertilize manioc, or 
 cassava. They wish to investigate how productivity 
and nutrient availability can be increased using 
varying dosages of different fertilizers. Local farm-
ers are also participating in the trials, and discuss 
the  results with the scientists at information events 
and workshops. »If the experiments bring visible 
positive results, those farmers who are open to 
innovation will also want to spread dung on their 
fields«, reports Dr. Katja Brinkmann, who is conduct-
ing research at the Department of Ecological Plant 
Cultivation and Agricultural System Research in  
the Tropics and Sub-Tropics (OPATS) of the Uni  ver-
sity of Kassel. Joint field trials with local farmers 
are also taking place in two other villages, where 

»If it rains even less here in the future,  
then the whole social system in the region  
will collapse.«



The few natural and agricultural products are traded at  
small local markets.
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In rural Madagascar there is virtually no economic  
development.
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scientists wish to find answers in a further SuLaMa 
sub-project. What is the people’s understanding  
of nature? How do they perceive nature? How can  
the cultural and spiritual importance of the ecosys-
tem services be integrated into sustainable land  
use programmes? Questions such as these are the 
focus of the sub-project »Socioculture and Gover-
nance« coordinated by Dr. Nadine Fritz-Vietta, a 
social scientist conducting research at the Univer- 
sity of Greifswald. »In Madagascar, alongside the 
formal regulations there is a system of informal 
rules, prescribed by the ancestors and spirits and 
observed by the people«, she says. This system  
is difficult for outsiders to comprehend, but abso-
lutely must be taken into account in the implemen-
tation of land use measures. Thus for example 
 people wishing to use a piece of land must first  
seek permission from the ancestors with gifts.

Spiritual aspects such as these also play an 
 important role in the people’s moral concept of  
the  eco-system services. One example are the 
mighty  Tamarinds, which grow as characteristic 
trees in the villages and also in the open country-
side. The trees not only give shade and bear  
fruits that can be made into lemonade and fruit 

»Results are not yet available, but our scientists  
are gathering and analysing the data at regular 
intervals«, says Brinkmann.

A culture with many taboos
Because this type of ecosystem-based, practical 
research approach is new for this region of Mada-
gascar, the German scientists rely heavily on the 
assistance of local universities and partners such 
as WWF and on the close cooperation with the local 
population. »This is not meant to be an academic 
exercise; the aim is rather to develop solutions 
together with the inhabitants in order to help them  
to survive«, says Ganzhorn, and cites an example:  
if the harvests fail in the region due to long periods 
of drought, the people go into the forest and dig  
up yam roots as a food substitute. This type of  emer- 
gency solution should belong in the past, which is 
why initiatives such as the small-scale irrigation 
systems are so important. 
In order to be able to implement such measures the 
scientists have to win the trust of the native popu-
lation. This is not so easy: interpreters are needed 
for the meetings and interviews with the people, and 
their culture is completely different. »There are many 
taboos in the villages which never cease to amaze  
us Europeans«, says Daniel Plugge from the Univer-
sity of Hamburg, who is investigating the ecosystems 
and their functions in another sub-project.

Why which taboos and rules exist is often unclear 
and just one of the many questions to which social 

»Alongside the formal regulations there is a  
system of informal rules prescribed by the ancestors 
and spirits and observed by the people.«



The radiated tortoise is one of many endangered species  
living on the Mahafaly Plateau.

(S
ou

rc
e:

 J
. H

am
m

er
)

Tamarinds not only provide the people with fruit and timber 
but also hold particular cultural significance for them.
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The scientists are also seeking to demonstrate  
that the diversity of reptile species for example  
can be preserved without jeopardising the  
livelihood of the local population on the basis  
of sustai nable use of natural resources. This is  
of particular  importance because a large national  
park has been established on the Plateau.  
The scientists therefore wish to investigate how 
important animal species such as the radiated 
 tortoise react to  different land use methods such  
as irrigation and cattle rearing, and how they  
cope with the increased penetration of humans  
into their environment through tourism, traffic  
and illegal tree felling.

Difficultunderlyingconditions
Social change is perceptible in the region. »The 
population is increasing, droughts are becoming 
more frequent and the people are feeling hemmed 
in by the national park«, says Fritz-Vietta. There 
is increasing economic pressure to use the land  
even more intensively. The political situation is also 
uncertain: the island state has been in political  
crisis ever since a non-elected government seized 
power in 2009. This halted the international aid,  
and the contacts changed in many authorities.  
A further difficulty is that it is often unclear to whom 
land really belongs. »There is national and regio- 
nal jurisprudence and then there is the Council of 
 Elders, which shares out the land in the village«, 
says Ganzhorn. The uncertainty of ownership pre-
vents the farmers from investing in their fields.

syrup; they also have important socio-cultural value. 
»These are sacred trees, believed by the villagers  
to be inhabited by spirits and natural beings who 
must be treated with due respect«, explains Fritz-
Vietta. Use may be made of the trees, provided that 
the natural beings agree to this.

Just as there are sacred trees, there are also  
sacred forests which the people may be forbidden  
to enter. »These forests have important cultural 
value«, says Daniel Plugge, who is investigating  
the usage, commercial exploitation and carbon 
storage capacities of the forests. He and his 
 research team wish to find out for example, which 
tree species occur here, how they are distributed 
and how they are used by the local population. 
 Besides the striking Tamarind and the monkey-
bread trees one also finds for example the tree 
species Samata, a member of the Euphorbiaceae 
family. The leaves of this species can be fed to  
cattle when there is no grass left in the pastures. 
»This tree could be important because it could  
help to reduce the grazing pressure on the land«, 
says forestry scientist Plugge. The Katafray tree  
can also be used: its trunk provides good hard 
 timber that can be used for furniture and house 
building, while the leaves relieve stomach ache.  

»The sacred forests have important  
cultural value.«
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Great need for communication
The SuLaMa scientists are aware that all these 
factors will make it difficult to implement the  
management plan in which they will present their 
findings and recommendations in 2015. »If we 
succeed in involving the capabilities and potentials 
of the local population, however, I see good chances 
of realizing our recommendations«, says social 
scientist Fritz-Vietta. She anticipates this as a 
 protracted process which will require a great deal  
of communication, but which could succeed. 
 Encouragement for the scientists also comes from  
WWF Madagascar. »Thanks to the SuLaMa project 
we can set up a regional databank and create a 
platform where knowledge of the landscape and  
its use can be collected«, says WWF programme 
leader Domoina Rakotomalala. The strategies  
and models from the research project will assist  
the regional decision helpers and influence the 
regional  development plan.

Project head:
Biocentre Grindel and Zoological Museum | University of Hamburg  

Prof. Dr. Jörg Ganzhorn
Phone: +49  (0) 40-42838-4224
E-mail: ganzhorn@zoologie.uni-hamburg.de

Project coordinator:
Biocentre Grindel and Zoological Museum | University of Hamburg

Dr. Susanne Kobbe
Phone: +49  (0) 40-42838-5648
E-mail: susanne.kobbe@uni-hamburg.de

Contacts in the study region:
World Wildlife Fund

Domoina Rakotomalala
Phone: +261 (0) 344985021
E-mail: drakotomalala@wwf.mg

Funding: 6.1 million Euros

Funding period: January 2011 to December 2015

SuLaMa
www.sulama.de

Zebus are not only work animals and a source of meat  
but also a status symbol and an investment. 
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Production systems researched  
in the region are: agriculture (extensive),  
forestry, livestock

Wooden pirogues are used in the coastal fishing industry.
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View of the reservoir in the town of Petrolândia. The reservoir close to the embankment dam – with typical 
Caatinga vegetation.
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the Berlin Institute of Technology (TU Berlin). The 
method sounds simple: impure water from the 
reservoir is drawn off into a sunken basin in which 
native aquatic plants grow. The plants absorb the 
toxins and nutrients and incorporate them into their 
cell structures. »After two days, 85 percent of cyano- 
bacterial toxins have been removed and the clean 
water can then be ducted back onto the fields«, says 
Pflugmacher Lima, who has already implemented 
this principle successfully in China. 

The green liver method is currently being put to the 
test in the research project INNOVATE, a joint Ger-
man-Brazilian project sponsored with 5.1 million 
Euros in funding by the German Federal Ministry of 
Research and Education. Funding of the Brazilian 
researchers is provided by the Brazilian Ministry  
of Science, Technology and Innovation, along with 
scholarships from the National Council for Scientific 
and Technological Development. The research scien-
tists are working together in 22 study groups until 
December 2016 to draw up proposals and recom-
mendations for the sustainable use of the large water 
catchment area of around 630,000 square metres  
of the São Francisco, focusing mainly on the Itapa-
rica Dam in the semi-arid state of Pernambuco  
in North-east Brazil. The scientists’ aim to develop 

The Itaparica Dam on the São Francisco River  
in North-east Brazil was finished in the 1980s.  
The embankment dam was built with the intention  
of improving the living conditions of the local 
 people, but subsequently gave rise to many ecolo-
gical problems. German and Brazilian scientists 
are now working together to reduce the  negative 
 effects of the dam through the research proj- 
ect INNOVATE.

 F orest regions are preserved in Germany as  
      so-called green lungs to make the air of the  
cities cleaner for the population. In North-east 
Brazil, German and Brazilian research scientists  
are relying on a green liver for water purification. 
They aim to use certain aquatic plants to purify  
the waters of the dammed São Francisco River of 
toxins from antibiotic residues and nutrients such  
as phosphates and nitrates so that it again becomes 
usable for anthropogenic purposes. The method  
is also intended to halt the increase in algal blooms 
and the eutrophication of the reservoir. And with 
good reason: the many nutrients in the water 
 stimulate the growth of cyanobacteria, which pro-
duce liver toxins and other noxious substances  
and are suspected of causing diseases such as 
Alzheimer’s or Parkinson’s disease.

The principle of the green liver was developed by  
Dr. Stephan Pflugmacher Lima, Professor of Eco
logical Impact Research and Ecotoxicology at  

(S
ou

rc
e:

 M
. V

en
oh

r)

»After two days, up to 85 percent of the cyano-
bacterial toxins have been filtered out«



A farmer with his sheep and goat flock in Itacuruba.
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The dam wall of the Itaparica Reservoir with six hydro-
electric turbines, each with a capacity of 250 megawatts.
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The São Francisco was dammed to form the Itapa-
rica Reservoir in 1988. The Brazilian government 
undertook this ambitious project, for which it re lo-
cated 40,000 people, with the intention not only  
of securing electricity supply to nearby towns  
but also of improving the living conditions of the 
local people and combating poverty. It has only  
been partly successful in this aim however. »The 
consequences of the dam for the local people and 
the landscape were not thought through properly«, 
says Köppel. The question of soil quality was over-
looked, for example, and the enormous water  loss- 
es through surface evaporation from the reservoir  
were underestimated. New homes with small- 
scale irrigation systems were built for the relo- 
cated  people. But many of these dwellings were  
built on soils containing too much sand or too  

little clay, or with poor drainage, and consequently 
the fields were unproductive or quickly became 
salinised. Nor has any solution yet been found to  
the problem of the water quality of the São Francisco 
River and Itaparica Reservoir, which continues to 
deteriorate. The reservoir managers provide the 
rehomed farmers with free water for irrigation, and 
they use it in great quantities. »If the water is piped 

detailed concepts to improve the quality of the 
 reservoir water, reduce emissions of the greenhouse 
gas methane, prevent salinisation of the soil and 
above all enable the people living around the reser-
voirs to have greater involvement in regional 
development. 
»We are seeking to develop models, solutions,  
action strategies and technologies which take 
 account of climate change and which also promise  
a solid economic basis for the local population«, 
explains German project spokesman Professor 
Johann Köppel, Head of Environmental Assess- 
ment and Planning Research Group at TU Berlin.

Closing cycles, connecting material flows
It is Köppel’s view that a comprehensive solution  
to this complex task can only be found by taking an 
interdisciplinary approach. For this reason, more 
than 100 scientists from a total of 12 universities and 
research institutes in both countries are participat-
ing in the project – from areas such as water manage-
ment, landscape economics, plant ecology and soil 
science. Köppel considers certain aspects of the 
project to be scientifically innovative: »We want to 
close the cycles in the management of the reservoir 
and thus connect the material flows in the water  
and on land in such a way that the pressures on the 
lake are reduced and at the same time the region’s 
natural potential is better exploited«. This means  
for example that if water from the São Francisco is 
used for agricultural irrigation and fish farms, it 
should be clean and hygienically safe afterwards.

»The consequences of the dam for the local  
people and the landscape were not thought  
through properly.«



Selffinanced installation of improved irrigation infra
structure (drip irrigation) in Icó-Mandantes.
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The food plant Opuntia ficusindica (foreground) and  
coconut palms in the Apolônio Sales irrigation project. 
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He explains their objective: »We want to improve  
the adsorption capacity of the soil so that it can  
store more water and nutrients in a form readily 
available to the plants«. The soil scientist also 
 wishes to test whether sediment from the reser- 
voir is suitable for use on agricultural fields, and 
whether such use could be economically viable.  
He also wants to try out new crop rotations:  
»In tropical ecosystems, it is often the case that 

 permanent crops such as coconut palms and  
mango or banana plantations are grown in the same 
space as annual crops such as tomatoes and pump-
kins«. The INNOVATE project now wishes to take  
a new direction: »We want to grow perennial and 
annual crops in rotation on the same land«. The inten 
tion is first to grow a longterm crop for 10 to 20 
years. This makes the soil fertile, Kaupenjohann 
explains, as it enriches the humus content and in- 
creases carbon and nitrogen reserves; moreover,  
it prevents salinisation. After the harvest, the land  
is ploughed and annual crops are planted.
»In this way we make more efficient use of the nitro-
gen and need less mineral fertilisers, which are  
very energyintensive to produce«, he says. The 
German scientists are currently testing out this ap- 
proach on a fifteenyearold coconut plantation.

back into the reservoir afterwards, it is so conta-
minated that really it is no longer usable for drink- 
ing water«, says Köppel. Initiatives such as  
Pflugmacher Lima’s Green Liver should help this 
situation. However the ecotoxicologist’s aim is  
not just to purify the water; he is also seeking to 
close the cycle by utilising the plant material. »When 
the absorption capacity of the aquatic plants is 
reached, we want to convert them into bioethanol«, 
explains Pflugmacher Lima. Enquiries have already 
been received from Brazilian companies willing  
to try this.

Sediment on the fields
In two further INNOVATE sub-projects, study  
groups led by Professor Joachim Sauerborn, agri-
cultural ecologist at the Hohenheim University  
in Stuttgart, and Professor Martin Kaupenjohann, 
soil scientist at TU Berlin, are working on another 
approach. The scientists and their teams are inves-
tigating agricultural productivity in the region.  
For example, one doctoral student is seeking to 
establish whether the agricultural ecosystems  
along the river reduce greenhouse gases and store 
carbon. »In an irrigation zone, terrestrial produc- 
tion is of key importance«, says Kaupenjohann.  
The TU scientist is seeking ways to improve soil 
 quality in the region. His German-Brazilian team  
is inves tigating the use of biochar (likewise char- 
coal) in field trials on local farms, based on the 
model of the so-called terra preta do indio, an 
 extremely fertile anthropogenic soil in Amazonia.  

»We want to grow perennial and annual crops  
on the same land in rotation.«



Tucunaré (Cichla sp.) from the Itaparica Reservoir.
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Fish farming in the Itaparica Reservoir – nearly always with 
Tilapia (Oreochromis niloticus).
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»The pressure on the available water resources is 
increasing, and the question of water availability  
is likely to become more and more pressing in the 
future«. The research group is investigating the flow 
of the São Francisco, the most important river in  
the dry North-east of Brazil, to establish how much 
water will be available for agricultural land in the 
future. »We are examining water levels, the distri-
bution of toxins and nutrients in the reservoir and  
also methane production«, Hattermann explains. 
This research is still in its early stages. However,  
the INNOVATE scientists have already established 
that there could be major changes in water avail- 
a bility in the trial region in the future.

Authorities changing their way of thinking
The research carried out by the German scien- 
tists in cooperation with the Brazilian universities 
forms the central basis of the INNOVATE project. 
»However, the transfer of this knowledge into 
practice is also very important«, emphasises Brazil
ian project spokesperson Professor Maria do  
Carmo Sobral from the Federal University of Per-
nambuco in Recife. The project must not be merely 
an aca demic exercise; rather the scientists should 
make common cause with politicians, govern- 
ment representatives and interest groups in the 
region. »We hold joint workshops to work out scien-
tifically based solutions for the region«, she ex
plains. A major plus point here is the input from 
 Germany. As Sobral says: «People from other 
 countries contribute their own ideas and research 

In another INNOVATE sub-project, a bi-national 
research team led on the German side by Dr. Fred 
Hattermann from the Potsdam Institute for Climate 
Impact Research (PIK) is engaged in a study of  
local land use. Working alongside scientists from  
the Brazilian Federal University of Pernambuco in 
Recife, the team is investigating how land use in  
the São Francisco catchment area could change  
over the next few decades under changing climatic 
and market conditions. The aim is to find out for 
example where and how renewable resources might 
be grown if there are changes in temperature, the 
amount of precipitation or the carbon dioxide content 
of the air, or if global demand for products such as 
bioethanol from sugar cane increases. To allow them 
to analyse these connections, the scientists are 

creating a computer model of the trial region and 
feeding in for example regionalised scenario data 
from the Intergovernmental Panel on Climate 
Change (IPCC). They have already established that  
in the northern part of the project area, precipitation 
has decreased over the past 60 years. In the same 
period the temperature across the whole catchment 
area has risen by between 0.5 and 1 degree Celsius. 
This trend is likely to continue in the future. PIK 
scientist Hattermann describes the consequences: 

»The pressure on the available water  
resources is increasing.«



SCIENCE PORTRAIT 1210 | 11

approaches. This intercultural exchange alters  
the authorities’ way of thinking.« In her view, how
ever, the project will also benefit the whole German
Brazilian scientific cooperation. »Some of the 
 scientists will certainly continue the bi-national 
cooperation in further projects.«

Project head:
Institute of Landscape Architecture and Environmental Planning |  
Berlin Institute of Technology  

Prof. Dr. Johann Köppel
Phone: +49  (0) 30-31473280
E-mail: johann.koeppel@tu-berlin.de

Project coordinator:
Institute of Landscape Architecture and Environmental Planning |  
Berlin Institute of Technology   

PD Dr. Marianna Siegmund-Schultze
Phone: +49  (0) 30-31473337
E-mail: m.siegmund-schultze@tu-berlin.de

Contacts in the study region:
Engineering Sciences | Universidade Federal de Pernambuco

Prof. Dr. Maria do Carmo Sobral 
Phone: +55 (0)81 21268744
E-mail: msobral@ufpe.br

Funding: 5.1 million Euros (BMBF) plus Brazilian funds

Funding period: January 2012 to December 2016

INNOVATE
www.innovate.tu-berlin.de

Small Caiman from the trial region (later released).
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Production systems researched in the  
region are: agricultural systems (industrial 
und extensive), livestock, fish

Resettled woman in her new house in Itacuruba.
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GLOBAL CHANGE  
IN A REGIONAL  
CONTEXT



Conversion of rain forests into pastures, Brazil  
(study area of the Carbiocial research project).

Land use decisions influence environmental quality and 
quality of life (LandYOUs online game).
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International teams of scientists are investigating 
changing land use in twelve regions worldwide,  
in a major research programme funded by the 
German government. The GLUES support project 
has the dual aims of linking up the individual sub-
projects while also itself conducting scientific 
analyses. Its mission is ambitious: the project aims 
to demonstrate the need to use land sustainably.

 M any people dream of playing the politician and  
          steering the fate of a country. Landscape  
ecologists at the Helmholtz Centre for Environmen-
tal Research (UFZ) in Leipzig have designed the 
computer game LandYOUs, which allows players to 
decide how much of the national budget they wish  
to invest in nature conservation, education, refores-
tation, urban development and farming subsidies.  
The priorities that they set influence the population’s 
living conditions: they can bring about a drop in the 
price of agricultural products or degradation of the 
environment, or force the need to import agricultural 
products. Anyone who resolves these challenges  

to the satisfaction of the population can hope for 
reelection at the end of their five-year term of office 
– otherwise the end of their political career looms. 

The game is not merely a challenging pastime for 
schoolchildren and students – it is also grounded in 
reality. »The computer game vividly illustrates  
how changes in land use affect society, biodiversity, 
forestry and agriculture«, says Professor Ralf  
Seppelt, Head of the Department of Computational 
Landscape Ecology at UFZ.  

More than 50 million Euros for twelve sub-projects 
The 44-years-old landscape ecologist is one of 
around 500 scientists engaged in analysing the inter- 
actions between land management, climate change 
and ecosystem services worldwide in the context  
of the »Sustainable Land Management« funding 
programme. The German Federal Ministry of Edu- 
cation and Research (BMBF) is providing around  
50 million Euros in funding for twelve projects in 
global regions running until 2017. In these projects, 
international research teams are investigating  
the effects of changes in land use for example in the 
Amazon Basin, the Siberian Steppe, the Okavango 
Delta in Africa and along the Baltic and North  
Sea coasts of Germany. Seppelt and his colleagues  
in Leipzig are leading the accompanying scientific 
project with the acronym GLUES (Global Assessment 
of Land Use Dynamics, Greenhouse Gas Emissions 
and Ecosystem Services). The GLUES team has 
several tasks. Firstly, it aims to link up the individual 
projects and communicate the results to the general 
public and to experts in the form of conferences, 
videos and science portraits. This role is intended to 
facilitate the work of the project scientists.  

»Our project is intended to become a blueprint  
for other projects.« 
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»Many regions are not as productive  
as they could be.«

Landscape degraded through forest clearing provides space 
for rubber plantations, China (SURUMER research project).

Ecosystem functions of the landscape such as pollination 
affect yields of fruits and vegetables.
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The GLUES team also faces scientific challenges: 
»We are treading new ground with this programme in 
that we are putting together results from research pro- 
jects with a regional focus in order to provide globally 
consistent scenarios and models. Thus we are able to 
analyse interactions, combine practical management 
measures from the regional projects and test these 
for transferability«, says Seppelt, who sees the project 
as a blueprint for other projects: »We ensure that 
these trials are also embedded in global processes.« 

Land use causes emissions 
Scientists all agree that global change has been 
under way for a long time already. Renowned scientists 
have already described some of the consequences. 
»Between 20 and 30 percent of climatically relevant 
emissions worldwide are generated by land use  
and changes in land use«, says GLUES project leader 
Seppelt. Although globally around eleven percent  
of the Earth’s land surface is protected, many animal 
and plant species are still dying out every year.  
With less and less land available for humans to utilize, 
management of the Earth’s land surface must 
change – especially management of the 35 percent 
that is agricultural land. »Many regions are not  
as productive as they could be«, says Seppelt. The 
people lack resources and the soils are eroded; eco- 
system functions are being lost, and climate change 
demands changes in farming practices.

Global scientific scenarios are therefore an impor-
tant element of the GLUES project. In one GLUES 

work area, research scientists at the Potsdam  
Institute for Climate Impact Research (PIK) are cal- 
culating how potential land use might change by 2100. 
Professor Gernot Klepper, Head of Environment  
and Natural Resources at the Kiel Institute for the  
World Economy, is investigating the mid-term per- 
spective until 2030 in conjunction with colleagues from 
the University of Munich and the GEOMAR Helm- 
holtz Centre for Ocean Research in Kiel. »We have 
broadened the scope of economic general equilib-
rium models, which are often used for climate policy 
or trade policy analyses, so that they can be used  
to analyse land use and bioenergy subsidies and how 
these compete with food production,« explains 
Klepper. The model simulates yields from the eigh-
teen most important food crops such as wheat, soya 
and maize. This provides a basis for investigating the 
effects of biofuel subsidies on the agricultural mar-
kets and other energy markets such as oil, gas and 
coal. Five global scenarios describe and analyse how 
possible developments such as bioenergy subsidies 
or an increase in meat consumption might appear.

Klepper is hoping that this will provide important 
insights into global food security and the yield poten-
tial of agricultural products. The scientists are 
already able to reveal their initial findings:  
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»The yield potential from agriculture is higher 
than previously realized.«

Vast cornfields in Siberia (study area of the SASCHA  
research project).

Online visualisation of various scientific data and results in  
the GLUES geodata infrastructure.
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»The yield potential from agriculture is higher than 
previously realized«, says Klepper. In previous studies 
only the present land use was considered, without 
taking account of the fact that further yield potential 
could be tapped by changing the crops grown. »These 
effects could be very great, because the cropping 
patterns on which previous calculations are based 
make no sense under other economic conditions or 
with higher productivity«.

Seppelt and his colleagues are also working on an 
analysis of land systems based on global land use 
data. The GLUES scientists have evaluated over 30 
global datasets relating to the environment, agricul-
ture and socioeconomics in order to identify twelve 
so-called archetypes. These archetypes range from 
extensive agricultural use and tropical forest sys-
tems to subsistence farming and irrigated agricul-
ture. Seppelt sees the archetypes as an important 
first step: »They help us to understand the interac-
tions that exist between human activities on the  
one side and social and environmental changes on 
the other side«. The analysis is innovative in that the 
scientists have used significantly more data and 
indicators than usual. »We did not know for example 
in which regions agriculture could be further inten- 
sified or in which regions intensive cultivation had 

already reached its limits«, explains Seppelt. Infor-
mation that would normally be swallowed up in  
the complexity of the data is thus made visible. »For 
example: if we had analysed only environmental 
indicators, we would not have been able to ascertain 
the regions where agriculture yields high profits.« 

Databank for scenarios 
To ensure the successful transfer of results between 
GLUES and the projects in the funding programme, 
the team led by Professor Lars Bernard from the 
Dresden University of Technology (TU Dresden) has 
built up a geodata infrastructure with a scientific 
geoinformation portal. This contains global data for 
the regional projects such as climate scenarios  
and information on land use, biodiversity and water 
resources. The research partners can access and 
exchange information through the portal. »The global 
information consists of basic data which serves as 
reference data for all the projects and enables the 
scientists’ research«, says Bernard. However the 
two tools are not for the sole use of the research 
scientists involved in the BMBF funding programme –  
anyone conducting research in one of the twelve 
regions or investigating land use can access infor-
mation or upload data onto the portal. 

While this might sound simple, in reality it is a com-
plicated task. »For the data to be used by everybody 
a common language is required – otherwise chaos 
ensues«, says Bernard. This means common rules 
and standards. Where the standards used in the past 
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»We look for stakeholders interested in using results 
from the regional projects in practice.«

Researchers discussing with local farmers near the city of Sinop 
(northern Mato Grosso, Brazil, Carbiocial research project).

Stakeholder workshop in Vietnam (LUCCi research project).
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are not sufficient, the computer geoscientists have  
to develop them further – this was the case with  
the multidimensional research data in particular. 
Many scientists regard the provision of such data with 
scepticism because it involves additional time and 
effort. But as Bernard explains, the work is important 
because it means that the data will still exist and 
remain available for use after the end of the project. 
Bernard also wishes to avoid uploading too many 
datasets onto the portal. »The objective is not to 
gather as much data as possible, but rather to pro-
vide relevant and coordinated information«. 

Help for regional stakeholders 
Sustainability is also important in another GLUES 
work area. Consultants Dr. Peter Moll and Ute Zan-
der are assisting the scientists in their dealings with 
the local stakeholders. They offer training, individual 
advice, analyses and ideas for possible practical 
uses of the results in their regional projects. They 
also make contact with the authorities, agricultural 
associations and nature conservation organisations 
on an international level. »We look for local bodies 
which would welcome the opportunity to use the 
practical, implementation-oriented results from the 
regional projects«, says Moll. He and his colleague 
are in contact with food and agriculture organisations 
such as the European Environment Agency – EEA 
and the European Commission.

Their endeavours have already borne fruit. The 
European Environment Agency for example plans to 

post the results from the BMBF funding programme 
on the web pages of the environmental observation 
platform Eye on Earth. Here farmers, agricultural 
associations and nature conservation bodies world-
wide would be able to document changes in land  
use via the internet. The consultants also wish to 
publish a book and videos describing the approaches 
and techniques for more sustainable land manage-
ment practices developed by the project scientists in 
cooperation with local and regional stakeholders. 

»In this way the practical results from the whole 
programme could be made accessible and docu- 
mented. The land users involved in the funding pro- 
gramme worldwide could then continue this work«.
 
Dr. Cornelia Paulsch, Director of the Institute for 
Biodiversity in Regensburg and a member of the 
GLUES research team, is also ensuring that the 
GLUES results are widely disseminated. »We help 
the scientists to ensure that the results of their 
research are taken into account in important inter-
national political processes and environmental 
agreements«, she says. These include for example 
the UN Convention to Combat Desertification 
(UNCCD), the UN Framework Convention on Climate 
Change (UNFCCC), the Convention on Wetlands 
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»Land is a limited resource and must be  
used sustainably.«

Presentation and discussion of scientific results at inter- 
national conventions.
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(RAMSAR) and the Convention on Biological Diversity 
(CBD). This is an important aspect of the project 
because the resolutions and programmes within the 
agreements are constantly revised and new themes 
added. »There is a need for scientifically substan-
tiated facts, so that the study groups in the commit-
tees can make well-founded decisions«, Paulsch 
emphasises. Scientists should therefore contribute 
their expertise to the agreements. Awareness of  
the international agreements is not very widespread 
however. Paulsch is therefore organising training  
for the scientists involved in the regional projects.  
»The aim is to help the scientists to determine how 
they can best put their findings across at conferences 
on the agreements«, she says.

GLUES project leader Seppelt hopes that the BMBF 
project will not only have lasting effects but will  
also be a model for other solution-oriented research 
projects. »Land is a limited resource and must be 
used sustainably, because our natural basis for life 
is preserved only if our environment is not harmed in 
the long term«, says Seppelt. This is the message 
that the GLUES research team wishes to communi-
cate – whether through conferences, videos, books 
or even a computer game.

10 | 11
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