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The LEGATO project

LEGATO stands for “Land-use intensity and Ecological EnGineering –
Assessment Tools for risks and Opportunities in irrigated rice based production

systems”.
In order to advance long-term sustainable development of intensive land use
systems, against risks arising from multiple aspects of global change, LEGATO
quantifies ecosystem functions (ESF) and the services (ESS) they generate in
irrigated rice landscapes in South East Asia. The focus is on local as well as
regional land use intensity (including the socio-cultural and economic background)
and biodiversity, and the potential impacts of future climate and land use change.
Following the framework of the Millennium Ecosystem Assessment (MEA),
LEGATO defines supporting services as ESF and deals with selected
characteristic elements of the 3 service strands defined by the MEA: a)
Provisioning (PS): nutrient cycling & crop production; b) Regulating (RS):
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biocontrol & pollination; c) Cultural Services (CS): cultural identity & aesthetics.
Studies are conducted mainly in two countries: Vietnam and the Philippines, in
landscapes along a gradient reflecting changing geo-climatic and land use
intensity, and where possible also cultural conditions. In particular LEGATO
intends to investigate the interactions between irrigated rice and the surrounding
landscapes in the light of ecological engineering (as an emerging discipline,
concerned with design, monitoring and construction of ecosystems). The overall
objective is the elaboration and testing of generally applicable principles within
the frame of ecological engineering.
LEGATO develops valuations of ESS through monetary and non-monetary
methods. The most meaningful monetary costs to be calculated are (potential)
damage costs (e.g. due to production losses), management/repair costs
(regulation), and avoidance cost (precautionary measures) as these manifest
themselves in real markets. Non-monetary costs are crucial for cultural services.
LEGATO tests and improves already existing indicators for ESF/ESS and
their values - building upon but going beyond existing indicators sets like those of
the CBD (Convention on Biological Diversity) and the SEBI (Streamlining
European Biodiversity Indicators). Beyond the applicability of the existing ones,
specific integrative indicators for each of the three strands will be tested for their
suitability, e.g., the “Human Appropriation of Net Primary Productivity –
HANPP” (PS strand); the diversity of indicator plants (incl. weeds), pollinators,
and natural enemies of crop pests (RS); and the diversity of charismatic species of
conservation concern such as damsel-, dragon-, or butterflies (CS). Indicator
research will be done on intra- and transregional scales, among others via cross
national comparisons.
As core output, LEGATO develops guidelines for optimising ESF/ESS and
their stabilisation under future climate and land use change, which will
particularly affect Southeast Asia. There is a clear need for crop productivity
increases and diversification. LEGATO analyses the potential of ecological
engineering to achieve this, and tests its implementation and transferability across
regions. The latter is achieved through inclusion e.g., of local agricultural
agencies and extension services as partners. Implementation will include
assessments of ESS risks and opportunities in the light of changes in land use
intensity, biodiversity and climate.

Cultural identity & aesthetics in agricultural landscapes

The Millennium Ecosystem Assessment offers a global view of the
importance of ecosystem services. However, to achieve an understanding of the
relative significance of different ecosystem services in South-East Asia and the
role played by cultural landscapes (which is a core component of the “Satoyama
Initiative” of the Convention on Biological Diversity) deeper investigations need
to be undertaken, as is done through Strand 3 in LEGATO.
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It is assumed in many instances that for farmers provisioning services rank
highest, but their preferences are shaped also by specific cultural values and
traditions which developed within the local environmental and climatic situation.
Globally, actor identities in many farming communities have been changing
during the last generation due to shrinking rural population, a declining number of
farmers, increasing average farm size, mechanisation, automatisation and the need
for non-traditional technical skills.
On the other hand, the growing number of farmers opting for organic or other
forms of low-input agriculture reflects market changes, but it is also one
expression of the (cultural) value changes and the concerns regarding the
sustainability of current agricultural practices. Also aesthetic values play a role:
among other aspects they are the basis for rural tourism, an important source of
additional income in many farming communities.
Many people place an increasingly high value on the existence of healthy
ecosystems with their flora and fauna, but also on the existence of diverse
agricultural landscapes, and the opportunity to enjoy them. The importance of
such cultural services for the public at large (or at least significant groups thereof)
is further evidenced for instance by the high number of memberships of
conservation-oriented organisations (e.g. bird protection), and the importance of
rural tourism as a source of income. Although the impacts of tourism on rural
communities’ cultural identities are not necessarily positive, climate change can
threaten livelihoods by undermining an important source of income, by reducing
the perceived aesthetics of the landscape, the prevalence of familiar species, or by
providing new and thus more interesting alternatives by making new regions
accessible to tourism.
These risks are partly caused by the fact that cultural services are mostly
associated with less-intensively managed areas, where semi-natural hbitats
dominate. Low-input agricultural systems are also likely to support cultural
services, with many local traditions based on the management of land and its
associated resources. There is evidence that people consider the loss of ‘pristine’
cultural landscapes with their associated flora and fauna as negatively impacting
their enjoyment of nature. However, whereas degraded natural and impoverished
cultural systems and landscapes loose part of their value, human activities,
embedded in prevailing environmental conditions, do also create new aesthetic
values, for instance in urban design or architecture. Landscape and architecture
are both major elements of the visual impression and terms like "ecological
aesthetics", "environmentally-friendly construction" and "climate conscious
architecture" are being discussed. Also at the moment, looking at architecture we
can see a great impact of the discussions on sustainability, energy efficiency and
stability (as a response to earthquakes and floods) on current designs.
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Many cultural services, such as aesthetics and existence values, are non-use
values where direct economic valuation is hard to apply. LEGATO therefore
combines social and economic valuation with indicator based reporting to be able
to adequately address the field of cultural services.
Cultural Services within LEGATO have been analysed according to the
following categories and sub-categories:
• Cultural Identity; 3 subcategories: identity values and sense of place/home,
heritage values (cultural history and traditions), and educational values;
• Landscape Aesthetics; 3 subcategories: characteristic functional landscape
elements, characteristic socio-cultural landscape elements, and intangible
landscape values;
• Knowledge Systems; 4 subcategories: scientific knowledge,
intellectual/artistic inspiration, collective expert knowledge, and tacit
knowledge.
Many of these indicators are difficult to measure in quantitative terms (e.g.
folk songs as part of Cultural Identity, UNESCO status as appreciation of
landscape aesthetics), but still provide a basis for comparing different
manifestations. As the number of interviewees differed from landscape to
landscape, and statistical data partly was not available, we applied dichotomous
categorical variables (“yes”, “no”) for each indicator mentioned in each landscape.
As a result we derived an overview of the emphasis of different cultural services
provided by different rice landscape types.

Cultural identity, recreation & tourism - the Ifugao Rice Terraces
(Northern-Luzon, Philippines)

For tourists the rice terraces of Ifugao Province (N-Luzon/Philippines) are
well known as an attractive place to visit. That the beauty of the landscape is
dependent on a highly complex “agri-culture“ only becomes obvious if one looks
more closely. Throughout the centuries the people of Ifugao have shaped this
landscape and thus created a permanent basis for living. The village structure,
with small groups of houses usually scattered across the terraced landscape,
allows production and consumption of food in the same landscape units.
Therefore nutrient cycles are oftentimes regarded as more or less closed, ensuring
sustainability.
One important component of this balanced system is a - compared to other
agricultural landscapes - high biodiversity. Dragonflies for example, are an easy
to see and to use indicator of such a biodiversity in paddy fields, scientifically as
well as in eco-tourism, as they are very attractive insects. Thus they serve as a
core group for citizen science activities which are about to be developed within
LEGATO – in combination with the second core group, i.e. butterflies, which
cover the wider and less water dependent landscape.
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However, population growth, improved education and hope for better living
conditions in other regions, among other factors, are responsible for the inevitable
change of this subsistence system. Depending on mainly political circumstances,
this ongoing change can be managed more or less in a sustainable way, but may
on the other hand also result in the destruction of agricultural and - interrelated
with these - primary forest areas.
Research in Ifugao Province is conducted by our teams since the 1980ies and
we will show some results of cultural services analyses conducted within
LEGATO, also in comparison with the other LEGATO research regions.
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Ecosystem Services –
the baseline of the LEGATO approach
o Ecosystem services dealt with in LEGATO:
9 Provisioning: biomass & nutrients (rice
& other crops),
9 Regulating: biocontrol & pollinators,
9 Cultural: cultural identity, recreation &
tourism
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7 Regions (15x15 km²) with contrasting land use intensity and natural resources
five landscapes per region
in total more than 70 sites

Methods:
-soil and plant analyses from all sites
-field experiments on selected sites
-green house experiments




LEGATO Ifugao (PH_3) research
sites
Batad
Banaue

Seite 6
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LEGATO Batad research site

Structurally
rich

Structurally
poor




Ecosystem Services –
the baseline of the LEGATO approach
o Ecosystem services dealt with in LEGATO:
9 Provisioning: biomass & nutrients (rice
& other crops),
9 Regulating: biocontrol & pollinators,
9 Cultural: cultural identity, recreation
& tourism
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Landscape transformation
in many Vietnam districts
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ƵůƚƵƌĂů^ĞƌǀŝĐĞƐŝŶ>'dK Ͳ
ƵůƚƵƌĂů^ĞƌǀŝĐĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚ
ƚŚĞ͞ƌŝĐĞůĂŶĚƐĐĂƉĞ͟
ZĞƐĞĂƌĐŚYƵĞƐƚŝŽŶƐ͗
•WĞƌĐĞŝǀĞĚƐŽĐŝŽͲĐƵůƚƵƌĂůďĞŶĞĨŝƚƐŽĨƌŝĐĞůĂŶĚƐĐĂƉĞƐĂŶĚ
ƉƌŽĚƵĐƚŝŽŶƐǇƐƚĞŵƐ͍
•/ŶƐƉŝƌĂƚŝŽŶĨŽƌ;ƚƌĂŶƐĨĞƌĂďůĞͿƐƵƐƚĂŝŶĂďůĞůĂŶĚ
ŵĂŶĂŐĞŵĞŶƚƚĞĐŚŶŝƋƵĞƐ͍
•ZŽůĞŽĨƐŽĐŝŽͲĐƵůƚƵƌĂůĨĂĐƚŽƌƐĨŽƌďŝŽĚŝǀĞƌƐŝƚǇĐŽŶƐĞƌǀĂƚŝŽŶ͍
•DĂŝŶĞůĞŵĞŶƚƐĂŶĚďĞŶĞĨŝƚƐŽĨƚƌĂĚŝƚŝŽŶĂůĨĂƌŵŝŶŐ
ƐǇƐƚĞŵƐĨŽƌďŝŽĚŝǀĞƌƐŝƚǇĐŽŶƐĞƌǀĂƚŝŽŶ͍
•ƵƌƌĞŶƚƉƌŽďůĞŵƐŽĨƌĂƉŝĚƚƌĂŶƐĨŽƌŵĂƚŝŽŶƉƌŽĐĞƐƐĞƐŽŶ
ĐƵůƚƵƌĂůƐĞƌǀŝĐĞƐ͕ĂŐƌŽďŝŽĚŝǀĞƌƐŝƚǇ͕ůĂŶĚƐĐĂƉĞƐ͕ĂŶĚƐŽĐŝĂů
ƐǇƐƚĞŵƐ͍



ĐŽͲƚŽƵƌŝƐŵΘŝƚŝǌĞŶ
^ĐŝĞŶĐĞ;ƌĂŐŽŶĨůŝĞƐΘ
ƵƚƚĞƌĨůŝĞƐͿ

• ů^ŵĂů ĨŝĞůĚŐƵŝĚĞ;>ĞƉŽƌĞůůŽĨŽƌŽƵƚĚŽŽƌĂĐƚŝǀŝƚŝĞƐͿ
• WŝƚŽŚƐƚĞƌǁ
ĚƵĂůͲƉƵƌƉŽƐĞ͗ĐĂ͘ϮϱϬĨŽƌĂĚǀĞƌƚŝŶ
ƐĐŚŽŽůƐ͕ĂĚŵŝŶĞƚĐ͘ĂŶĚϮϱϬĨŽƌƐĂůĞƚŽƚŽƵƌŝƐƚƐ
;ĞǆƉĞƌŝŵĞŶƚĂůƐƚĂŐĞ͕ǀŝĂ>'dKŽĨĨŝĐĞŝŶĂŶĂƵĞͿ
• WŽŝŵĐƚƉƵĞƌƚĞŝƚŝŽŶ
ĨŽƌďƵƚƚĞƌĨůŝĞƐĂŶĚĚƌĂŐŽŶĨůŝĞƐ
ŝŶϮϬϭϱ͘>ĞƉŽƌĞůůŽĂŶĚWŽƐƚĞƌĐĂŶŚĞůƉƚŽŝĚĞŶƚŝĨǇ
ƐƉĞĐŝĞƐ͘WŝĐƚƵƌĞƐĂŶĚĚĂƚĂĨŽƌƵƉůŽĂĚŽŶĂƉůĂƚĨŽƌŵŽƌ
ƐƵďŵŝƐƐŝŽŶǀŝĂ>'dKĂŶĂƵĞŽĨĨŝĐĞ͘
• ^ŽŵŽŬĂůůĞůƚď
ďĂƐĞĚŽŶƉŝĐƚƵƌĞĐŽůůĞĐƚŝŽŶƐʹ ĚŝƌĞĐƚ
>'dKƌĞƐƵůƚĨŽƌĐĂƉĂĐŝƚǇďƵŝůĚŝŶŐĂŶĚŽƵƚƌĞĂĐŚ
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CES in LEGATO: some insights
• sĂůƵĞŽǀĞƌůĂƉƐͲ Ğ͘Ő͗͘
• ^ƵďƐŝƐƚĞŶĐĞǀĂůƵĞƐ;ŝŵŵĞĚŝĂƚĞĞĐŽŶŽŵŝĐĂƌĞĂʹ ƌŝĐĞĨŝĞůĚƐ͕
ĂŐƌŽĨŽƌĞƐƚƌǇͿŽǀĞƌůĂƉǁŝƚŚ
• ƐŽĐŝĂůǀĂůƵĞƐ;ƐĂĐƌĞĚƉůĂĐĞƐͿ͕ĂĞƐƚŚĞƚŝĐǀĂůƵĞƐ;ƌŝĐĞĨŝĞůĚ
ĂƌĐŚŝƚĞĐƚƵƌĞͿ͕ĂŶĚŬŶŽǁůĞĚŐĞǀĂůƵĞƐ;ƚĂĐŝƚŬŶŽǁůĞĚŐĞͿ
• ƐƐŝŐŶŵĞŶƚŽĨĐƵůƚƵƌĂůǀĂůƵĞƐĐŽƌƌĞůĂƚĞƐǁŝƚŚĚĞŐƌĞĞŽĨ
ŵŽĚĞƌŶŝǌĂƚŝŽŶĂŶĚƐŽĐŝĞƚĂůƚƌĂŶƐĨŽƌŵĂƚŝŽŶ;ŝŶƚƌŝŶƐŝĐǀĂůƵĞƐŽƌ
ƵƚŝůŝƚǇǀĂůƵĞƐŽĨŶĂƚƵƌĞͿ;ĂƐƐƵŵƉƚŝŽŶƚŽďĞǀĞƌŝĨŝĞĚͿ
• ĞŐƌĞĞŽĨĐƵůƚƵƌĂůǀĂůƵĞƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚƌŝĐĞĞĐŽƐǇƐƚĞŵƐ
ĐŽƌƌĞůĂƚĞƐǁŝƚŚůĂŶĚƵƐĞŝŶƚĞŶƐŝƚǇĂŶĚƌŝĐĞĨŝĞůĚďŝŽĚŝǀĞƌƐŝƚǇ
;ĂƐƐƵŵƉƚŝŽŶƚŽďĞǀĞƌŝĨŝĞĚͿ



CES in LEGATO: some insights
• ĞƌůůĐĞƉŝǀĞĚƵůƚƵƌĂů^ĞƌǀŝĐĞƐĐŽƌƌĞůĂƚĞǁŝƚŚĚĞŐƌĞĞŽĨƉŽǀĞƌƚǇĂŶĚ
ĂŐĞŽĨŝŶƚĞƌǀŝĞǁĞĚĨĂƌŵĞƌƐ
• ŶƚŚƌŽƉŽĐĞŶƚƌŝĐǀŝĞǁŽŶŶĂƚƵƌĞĂŶĚďŝŽĚŝǀĞƌƐŝƚǇŝŶƌĞŐŝŽŶƐǁŝƚŚ
ŚŝŐŚůǇͲŝŶƚĞŶƐŝǀĞƉƌŽĚƵĐƚŝŽŶ;ƵƚŝůŝƚǇĨƵŶĐƚŝŽŶŽĨŶĂƚƵƌĞͿ
• ^ĐŽŽŶĐŝŽŽŵͲĞŝĐƚƌĂŶƐĨŽƌŵĂƚŝŽŶƉƌŽĐĞƐƐĞƐůĞĂĚƚŽůŽƐƐŽĨ
ƚƌĂĚŝƚŝŽŶĂůƐŽĐŝĂůƐƚƌƵĐƚƵƌĞƐŝŶĨĂƌŵŝŶŐƐǇƐƚĞŵƐĂŶĚǁŝƚŚƚŚŝƐƚŽĂ
ůŽƐƐŽĨƚƌĂĚŝƚŝŽŶĂůĞǆƉĞƌƚ͕ĐŽůůĞĐƚŝǀĞ͕ĂŶĚƚĂĐŝƚŬŶŽǁůĞĚŐĞ
;ĂƐƐƵŵƉƚŝŽŶƚŽďĞǀĞƌŝĨŝĞĚͿ
• ŝǀĞƌƐŝĨŝĐĂƚŝŽŶŽĨůŽĐĂůͬƌĞŐŝŽŶĂůĞĐŽŶŽŵŝĞƐ;Ğ͘Ő͘ƚŽƵƌŝƐŵͿůĞĂĚƐ ƚŽ
ĐŚĂŶŐĞŝŶĂŐƌŝĐƵůƚƵƌĂůƉƌŽĚƵĐƚŝŽŶ;Ğ͘Ő͘ĨƌŽŵƌŝĐĞƚŽĂƋƵĂĐƵůƚƵƌĞ͕
ǀĞŐĞƚĂďůĞƐ͕ĨƌƵŝƚƐ͕ůŝǀĞƐƚŽĐŬĨĂƌŵŝŶŐͿ͕ůĞĂĚƐƚŽĐŚĂŶŐĞŽĨ
ůĂŶĚƐĐĂƉĞƐĂŶĚƐŽĐŝĂůƐƚƌƵĐƚƵƌĞƐ
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