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Rice ecosystem services and LEGATO

The present special issue of Paddy and Water Environment 
(PAWE) focuses on Ecosystem Services in Irrigated Rice 
Landscapes as dealt with in the project “LEGATO—Land-
use intensity and Ecological enGineering—Assessment 
Tools for risks and Opportunities in irrigated rice based 
production systems’’ (Settele et al. 2015; http://www.legat​
o-proje​ct.net/). The project aimed at advancing long-term 
sustainable development of irrigated rice landscapes against 
risks arising from multiple aspects of global change. It 
encompassed 20 contract partners from six countries and 
two international organisations as core members as well as 
numerous associated partners and/or advisory board mem-
bers (see addresses of authors). LEGATO was part of the 
framework programme ‘FONA—Research for Sustainabil-
ity’ (a funding scheme of the German Federal Ministry of 
Education and Research—BMBF) and was supported by 
GLUES—the scientific coordination and synthesis project 
(http://modul​-a.nachh​altig​es-landm​anage​ment.de/en/scien​
tific​-coord​inati​on-glues​/).

LEGATO followed the framework of the Millennium 
Ecosystem Assessment (MA 2005) by selecting character-
istic elements of three MA service strands for analyses: (a) 
Provisioning Services: primary production, plant diversity, 
crop yield; (b) Regulating and Supporting Services: biocon-
trol, pollination and nutrient cycling; and (c) Cultural Ser-
vices: cultural diversity and aesthetics/beauty. The analysis 
of ecosystem services was embedded in studies of socio-
cultural and economic backgrounds, local as well as regional 
land use intensity and biodiversity, and the potential impacts 
of future climate and land use change.

As core output, LEGATO developed generally applicable 
principles of Ecological Engineering (EE), adapting, testing 
and implementing them under the given local socio-cultural 
conditions, for the stabilisation and improvement of agricul-
tural production under future climate and land use change. 
EE is an emerging discipline, concerned with the design, 
monitoring and construction of ecosystems and aims at 
developing strategies to optimise the delivery of ecosystem 
services by enhancing natural regulation mechanisms instead 
of suppressing them (see also Gurr et al. 2003; Mitsch 2012; 
Horgan et al. 2016). Along these lines, LEGATO further 
aimed at generating new knowledge bases for decision mak-
ing in the area of sustainable land management and liveli-
hoods, including the support of governance and management 
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strategies, technologies and system solutions (Truong et al. 
2016).

Co‑design of research and co‑production 
of knowledge

LEGATO was organised in Work Packages (= WPs) and 
followed the work flow shown in Fig. 1. The core elements 
of the project structure were the feedback loops, particu-
larly those in relation to the co-design of research involv-
ing stakeholders which directly influence recommendations 
and implementations—often via several feedback loops (co-
design: feedback WPs 1 with WP 2/3; and co-production for 
practical outputs, like Ecological Engineering: feedback WP 
5 with WPs 2/3 and 4).

Our experience with this approach is mostly positive and 
has been analysed in more detail by Görg et al. (2014) and 
Spangenberg et al. (2018a, b; both in this issue). The main 
conclusions are that large integrated research projects are 
necessary to address the complexity of nature–society inter-
actions within biodiversity research and beyond. Such large-
scale research projects create additional challenges in terms 
of management and knowledge integration, but also offer 
promising opportunities for transdisciplinary research, if 
managed properly. For an appropriate integration of knowl-
edge across different disciplines and with stakeholders, 
however, clarity of purpose from the onset is as decisive as 
ongoing two-way communication between researchers and 
non-academic partners in order to succeed in developing 
solutions for complex societal problems (Siew et al. 2016). 
Such a two-way communication goes beyond more linear 
outreach and dissemination activities which are often per-
formed in conventional project management.

Thus, the exceptional characteristic and highlight in 
LEGATO was the close collaboration with farmers and 
other local stakeholders (i.e. the development of partner-
ships which are necessary to achieve real progress in the 

field of sustainable agriculture; Settele 2010). All research 
sites comprised farmers’ fields, selected in close interaction 
with these farmers and with their enormous ongoing sup-
port, despite establishing experiments. In total, interactions 
with different groups of stakeholders and the number of peo-
ple involved in each group can be summarised as follows 
(estimates from August 2015; see also Förster et al. 2015):

•	 Government institutions (Agriculture: 10; Environmental 
protection: 5; Municipal administration: 20; Tourism and 
culture: 20; general/top level: 20).

•	 Private sector (Business catering for the local market: 
40; Business catering for the national and international 
market: 5).

•	 NGOs: 5.
•	 International organisations: 20.
•	 Individual farmers and land owners: 500.

Study regions and sites for field‑based 
research

As solutions elaborated within the funding scheme were 
expected to be transferable to other regions, LEGATO opted 
for a trans-regional and international approach. The Philip-
pines and Vietnam are particularly suitable, as they have 
important similarities as well as differences in a region of 
critical importance for global development: (a) Vietnam is a 
highly dynamic growth region; (b) the Philippines are heavily 
affected by demographic change; (c) Vietnam is a Buddhist 
country, while the Philippines is mostly Catholic, and both 
countries are ethnically very diverse; (d) both are climate sen-
sitive regions (extreme weather and climate-dependent areas 
of irrigated rice production in Asia, with high vulnerability to 
climate); (e) the Philippines imports while Vietnam exports 
rice. The topological similarities allowed the selection of 
comparable transects in both countries along gradients which 
reflect different land system archetypes (Václavík et al. 2013, 

Fig. 1   LEGATO overview 
structure and work flow—the 
basis for co-design and co-
production. (Source: Settele 
et al. 2018)
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2016; Lin et al. 2018) with changing geo-climatic conditions 
and land use intensities, and also different levels of socioeco-
nomic and cultural diversities (see Table 1 in Spangenberg 
et al. 2018a, this issue). They range from mountain areas via 
fertile hilly lowlands to low-lying, flood prone high production 
areas. In both countries, the mountain areas are characterised 
by terrace agriculture practised by indigenous people. The 
final selection of study regions was based on results of focus 
group discussions and interviews with stakeholders, result-
ing in a selection of seven regions (15 × 15 km2 each), three 
in Luzon/Philippines, three in North Vietnam and one in the 
southern Vietnamese Mekong Delta. A map is shown in Fig. 2 
(see also Fig. 1 in Klotzbücher et al. 2015a), for further details 
on respective climatic, land-use and soil characteristics, see 
Klotzbücher et al. (2015a) and for future scenarios of climate 
and land use, see Langerwisch et al. (2018). Vegetation in 
paddies and bunds mainly consists of weedy communities 
(Fried et al. 2017) with a clear increase in species richness 
from lowlands to mountains (Fried et al. 2018; this issue).

In each of the seven regions, ten core sites were selected 
in order to create sufficient data for scientifically robust 

comparative analyses (see also Table 1 in Klotzbücher et al. 
2015a). The 10 sites were arranged in pairs, leading to five 
core study ‘landscapes’ (with each landscape consisting of a 
pair of rice fields or ‘core sites’). Hence, we had 70 rice fields 
in total. One site of each pair was located in an agriculturally 
more intensively used setting (structurally poor, homogenous 
surroundings with more than 50% of the area within a radius of 
100 m covered by rice fields), henceforth called “monoculture 
rice field”. The second site was situated in 300–1000 m dis-
tance providing a more heterogeneous surrounding (structur-
ally rich, less than 30% rice field area within a radius of 100 m 
and a higher proportion of non-intensively used areas, such as 
house gardens, fallows, forests), henceforth called “structurally 
diverse rice field”. The selection is based on the hypothesis that 
higher structural diversity leads to higher biodiversity, enabling 
us to test biodiversity effects in irrigated rice agro-ecosystems. 
These two categories were also compared with an “agroforest” 
field within the rice growing areas on most of the sites (result-
ing in 5 triples per region; see Fig. 3).

Selections were made in close consultation with local 
administrators and LEGATO collaborators. This enabled us 

Fig. 2   Geographical distribution of the 7 LEGATO research regions VN_1–4 denotes investigation sites in different landscapes of Vietnam, 
PH_1–3 in the Philippines. (© Harpke/Grescho, UFZ; after Settele et al. 2018)
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to include local communities with partly similar and partly 
different socio-cultural and economic characteristics, with 
the latter allowing for comparative analyses, while simi-
lar conditions provided a good baseline for social research 
(e.g. comparison of topographic pictures to identify terraced 
landscapes).

Regarding the economic situation of farmers, a clear 
gradient correlated with the biophysical landscape setting. 
In the mountainous regions of both Vietnam and the Phil-
ippines, only one harvest per year is possible, resulting in 
severe limitations to the agricultural income potential (due 
to topography, an increase in agriculturally usable area is 
unfeasible). Agriculture in Ifugao (region PH_3; see Fig. 2) 
hardly ever uses pesticides, although some farmers consider 
it as a “convenience option”, while in Vietnam govern-
ment instructions and the subsidy of agrochemicals led to 
an increasing usage (Sattler et al., 2018, this issue). While 
Ifugao was dominated by self-cultivated traditional rice 
varieties, in Lao Cai (region VN_3; see Fig. 2), mountain 
farmers followed governmental advice and turned to high 
yielding varieties (an important economic decision as seed is 
by far the most expensive input in both countries, at least as 
long as irrigation water is available at low cost). The limited 
yield potential forces many inhabitants to look for additional 
sources of revenue unless they are supported by government 
subsidies (like free rice deliveries in case of severe shortages 
in Vietnam). Additional income can come from jobs either 
outside the region, or non-agricultural ones, but directly 
related to it, within the region (like trading seeds and yield, 
rice processing, maintenance of agricultural equipment) or 
from jobs indirectly benefitting from the speciality of this 
agro-ecosystem (tourism including hotels, restaurants, tour 
guides, mobility services, etc.). In the hilly areas outside 
the mountain regions, small to medium scale agriculture 
dominated, with field sizes in Vietnam often below 1 ha. 
While small-scale farming was a family affair (although the 
younger family members did not work in the fields on a 
regular basis, but came as helping hands in the most labour 

intensive phases of the growth cycle), medium- to large-
scale farming in the lowlands was usually conducted by farm 
workers. The farmers themselves acted mainly as managers, 
in Vietnam producing for the global market, in the Philip-
pines for the domestic one.

Economic progress was assessed separately in and 
between countries: limited change happened in the moun-
tain regions, while elsewhere the mood towards economic 
progress was grossly positive (with some exemptions in the 
Philippines). Vietnamese expected a steady improvement 
of their living conditions (although these differed greatly 
between genders as our group interviews showed—they 
were held separated for men and women).

Farmers in all regions hoped to gain additional ben-
efits from adding ecotourism to their activity portfolio. 
This appeared as a rather natural extension of the existing 
ecotourism in Ifugao and the ethnic tourism in Lao Cai, 
although the impacts of ecotourism on indigenous com-
munities are disputed (Coria and Calfucura 2012). It came 
as a surprise, however, when ecotourism was articulated 
as a future option by the pesticide intensive farmers in the 
lowlands.

Ecosystem service research

Provisioning services

The analysis of soil processes as the basis for rice produc-
tion was one major topic in the LEGATO research on pro-
visioning ESS. The focus of the research activity was on 
management of silicon (Si) availability, which has become 
widely recognised for being a crucial nutrient for rice plants 
(Guntzer et al. 2012). Various forms of potentially available 
Si in topsoils as well as the Si uptake rates by rice plants 
were assessed for all LEGATO core sites (Klotzbücher 
et al. 2015a, 2016), which resulted in a clear differentiation 

Fig. 3   The three habitat types investigated in LEGATO—exemplified for research region Laguna, Philippines (PH_1; see Fig. 2); left: “mono-
culture rice field” (© C. Sann), center: “structurally diverse rice field” (© A.L. Hass), right: “agroforest” (© A.L. Hass)
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between Vietnam with low, and the Philippines with high Si 
availabilities. These differences can be explained by geo-/
pedological conditions. The high Si availability in Philip-
pine soils is mainly due to a large release of mobile Si by 
weathering processes in these areas of volcanic origin during 
recent geologic history. In some Vietnamese sites, the con-
centrations of plant-available Si in the topsoil were below 
critical values proposed in literature (Marxen et al. 2016), 
suggesting that Si might limit the growth of the rice plants. 
Addition of Si fertilizers (silica gel) enhanced the Si uptake 
and growth of rice plants at one Si-deficient site in North-
ern Vietnam (Marxen et al. 2016), yet showed no effects 
at another site in Southern Vietnam (Klotzbücher et al. 
2018a, this issue). The reasons for the different responses 
of rice plants to Si fertilisation between sites are uncertain 
and deserve the attention of future research. Marxen et al. 
(2016) demonstrate that rice straw decomposition is an 
important source of plant-available Si. Hence, the removal 
of this straw from the fields after harvest, a frequent prac-
tice in Vietnam, can reduce the amount of Si available for 
rice plants. Litter decomposition processes by biota or Si 
in and outflow through water management (i.e. irrigation 
schemes) is another important determinant of Si availabil-
ity in paddy soils (Klotzbücher et al. 2015b; Schmidt et al. 
2016). Another surprising finding was that the variable Si 
uptakes of rice plants across the LEGATO core sites also 
affected lignin concentrations in the plants (Klotzbücher 
et al. 2018b). Incorporation of Si as a structural component 
in rice plants possibly substitutes the energetically more 
expensive biosynthesis of lignin. As lignin also regulates 
the decomposability of organic matter in soil, these results 
suggest that Si is a significant, but hardly recognised factor 
in organic carbon cycling in rice ecosystems.

In general, the decomposition of organic material is an 
important source of nutrients in agro-ecosystems. Schmidt 
et al. (2015a) studied invertebrate decomposers and showed 
that they substantially contribute to the decay of rice straw 
in paddy fields and thus might play an important role in soil 
fertility and site productivity. Their efficiency was shown 
to be highest near the field borders indicating a positive 
effect of surrounding structures on decomposer inverte-
brates. Further, crop residue management practices were 
found to significantly influence the decomposition activ-
ity of invertebrates and alter their community structure 
(Schmidt et al. 2015b). However, invertebrate abundance 
showed no correlation with decomposition rates. Effects of 
different size classes of soil and aquatic organisms on rice 
straw decomposition were further tested in a microcosm 
experiment (Panteleit et al. 2018, this issue). The experiment 
confirmed the relevance of macro- and meso-invertebrates 
for decomposition, and it highlighted the role of diversity 
of decomposer communities for enhancing decomposition 
rates. Future studies should evaluate in more detail how land 

management practices and landscape diversity contribute to 
the maintenance of ecosystem services provided by decom-
poser invertebrates, such as nutrient cycling and soil fertility, 
and develop appropriate trade-offs with other management 
issues, such as pest control or adaptation to climate change 
(Langerwisch et al. 2018). This is also relevant, as the Viet-
namese government plans to promote the merging of fields 
and farms to larger units to enhance mechanisation opportu-
nities and compensate for declines in the farming population. 
The LEGATO results (as outlined in the previous paragraph) 
show that such policies entail the risk of reducing nutrient 
cycling ESS, with a subsequent risk of declining soil fertil-
ity and yields.

Regulating services

While some modelling and mapping of natural hazard regu-
lating ecosystem services has been conducted for Sapa, Lao 
Cai Province, Vietnam (Bac et al., in review), as well as 
some general land-cover based assessments (Burkhard et al. 
2015), the focus within LEGATO was on species interac-
tions on the landscape and field scale. There regulating ser-
vices play a key role. Insect predators, such as damselflies 
and dragonflies, are important predators for example on rice 
pests such as plant- and leafhoppers (Ott 2015). Recently, 
outbreaks of key herbivore pests have increased significantly 
throughout Asia, mainly due to a lack of natural enemies—
with the latter being largely an effect of increased pesticide 
applications (Heong et al. 2015; Spangenberg et al. 2015a). 
The ultimate reason for these trends is a narrow and thus 
counterproductive and self-defeating perception of causal-
ity chains: the standard logic considers insects as the ini-
tial problem, spraying insecticides as an adequate response 
resulting in yield protection and being supported by posi-
tive effects in the early growth phase. However, insecticide 
treatments not only impact pest populations, but also dra-
matically reduce the number of biocontrol organisms and 
in some cases cause direct plant-mediated increases in pest 
abundance (Horgan et al. 2017a, b; Gurr et al. 2016): The 
trade-off for such a short-term success is increased system 
sensitivity to subsequent infestations. As an example one 
may look at the case of golden apple snails (Pomacea canali-
culata), one of the main pests in rice agriculture (Türke et al. 
2018). For farmers the easiest way to control for their abun-
dances appears to be the application of synthetic ‘instant 
kill’ molluscicides. However, these pesticides do not only 
have detrimental effects on the environment and non-target 
species (like insect predators), but are a serious threat to 
human health (Schneiker et al. 2016). Furthermore, it is a 
common practice to apply insecticides at the beginning of 
the rice cycle which, by reducing natural enemy numbers, 
can lead to severe damage during the later growth stages 
(e.g. due to planthopper infestations; Spangenberg et al. 
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2015a) resulting in even greater yield losses. Moreover, 
insecticide use is also harmful for pollinators, potentially 
leading to lower yields of insect pollinated crops within the 
rice landscape that provide additional income or nutritional 
diversity for farmers. Overcoming such misguided percep-
tions of land management options, these perceptions’ foci 
and their impacts play a crucial role in establishing sustain-
able land use patterns.

To counteract the detrimental effects of ongoing land-
use intensification in rice production systems on human and 
ecosystem health (Keune et al. 2017), these agro-ecosystems 
need to be managed in a more sustainable manner aiming at 
conserving and enhancing biodiversity and the provisioning 
of ecosystem services (Godfray and Garnett 2014). West-
phal et al. (2015) reviewed management options for mul-
tiple ecosystem services and evaluated the merits of mass 
media campaigns and participatory approaches for more 
sustainable rice production. Generally, the implementation 
of flower strips within EE programs is one potential option 
to enhance pest regulation, pollination and cultural services, 
such as recreation (Blaauw and Isaacs 2014; Tschumi et al. 
2015; Stallman 2011). Flowering vegetable crops grown on 
rice bunds have been shown to increase parasitism of rice 
stemborers (Vu et al. 2018, this issue) and attract wild birds 
that feed on damaging caterpillars and apple snails (Horgan 
et al. 2017a, b). Knowledge gained from LEGATO on the 
impact of non-rice crops on the natural enemies of important 
rice pests such as planthoppers and stemborers (e.g. Arida 
et al. 2016; Horgan et al. 2017a, b; Dominik et al. 2018; 
Sann et al. 2018a, b) will support the further development of 
diversified rice landscapes that preserve efficient and resil-
ient biocontrol functions. Furthermore, increased knowledge 
of the rice bunds as habitat for flowering plants (Fried et al. 
2018; this issue), including species that could potentially 
provide nutrients and refuges for natural enemies, will help 
engineer rice paddies to better support natural pest regula-
tion. As experienced within LEGATO, rice farmers need to 
participate in the development, research and evaluation of 
ecological engineering programs (Spangenberg et al. 2018b, 
this issue). Westphal et al. (2015) conclude that comprehen-
sive EE programs are needed, which combine participatory 
approaches, mass media campaigns and flower strip imple-
mentation to motivate farmers and to increase the sustain-
ability of rice production in Asia and to enhance ES.

However, besides the addition of semi-natural habitats 
like flower strips, the heterogeneity of the farmland itself is 
also crucial for the maintenance of ecosystem services. Hop-
per parasitoids greatly benefit from heterogeneous rice pro-
ductions landscapes. Sann et al. (2018a) could demonstrate 
that spatially and temporally variable rice crops in different 
stages and ratoon rice can sustain vital populations of egg 
parasitoids (Chalcidoidea) and thus high levels of biological 
control of important rice pests. Moreover, agroforests play 

an important role for the delivery of pollination services as 
they can provide diverse food resources and nesting sites 
and, therefore, enhance the species richness of bees (Hass 
et al. 2018; Schrader et al. 2018, this issue) and arthropod 
decomposers that break down plant materials (Magcale-
Macandog et al. 2018, this issue) potentially providing nutri-
ents to adjacent rice fields. Additionally, plants are visited by 
more diverse bee species communities in structurally diverse 
“polyculture” than in “monoculture” rice fields, possibly 
leading to more stable pollination services in heterogeneous 
agro-ecosystems (Hass et al. 2018, while on the other hand 
pollination may suffer from invasive Varroa mites which 
affect honeybees, Beaurepaire et al. 2015). Efforts to achieve 
sustainability in rice landscapes might focus on the inter-
change of species between rice paddies and adjacent wild 
areas, including consideration of rice paddies as habitat for 
endangered wildlife (Horgan et al. 2018, this issue). Moreo-
ver, not only the composition but also the configuration of 
rice landscapes together with regional environmental drivers 
(i.e. climatic conditions and land use intensity) is known 
to affect rice-arthropod communities and their potential for 
natural pest regulation (Dominik et al. 2017). Increasing 
the heterogeneity of the farmland leads to pest reduction in 
rice, while maintaining smaller rice patches and enhancing 
the connectivity of rice bunds benefit the natural enemies 
of pests (Dominik et al. 2018). Landscape management to 
improve biodiversity and biological pest control in rice agro-
ecosystems should promote a diversity of habitat types and 
focus on manipulating the configuration of rice fields, main-
taining smaller rice patches and greater connectivity of rice 
bunds (Dominik et al. 2018). Thus, policies should focus 
on sustainable agroecological intensification (Tscharntke 
et al. 2012) rather than promoting large monocultures in 
rice-based production systems.

Cultural services

Cultural landscapes are dynamic systems and, besides envi-
ronmental drivers, are influenced by economic, social and 
cultural developments of societies (Rössler 2009). In gen-
eral, landscapes are differently interpreted and, depending 
on subjective perspective, can be understood as cultural 
heritage, nature and production factor, or as recreation site 
(Kühne 2013). In LEGATO for the assessment of cultural 
services of rice landscapes, three land use types were dif-
ferentiated (see Fig. 2 for geographical setting): (a) historic 
landscapes with self-sufficiency production at low yield lev-
els (mountainous areas: VN_3, and PH_3, see Fig. 4), (b) 
intensive rice production in crop rotation with other crops 
or vegetables (VN_2, and PH_1, and (c) very intensively 
managed rice production with rice as the only crop (VN_1, 
VN_4, and PH_2).
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Compared to modern agricultural schemes focusing on 
efficiency and productivity (in a small number of dimen-
sions), historic (rice) landscapes are distinctively character-
ised by a long-term human interaction with nature (Rössler 
2009). They contain characteristic elements of socio-cultural 
history and have intangible values for the local population 
that go beyond the scope of exerting pure material and exis-
tential functions.

The analysis of Cultural Services in rice landscapes in 
LEGATO started with taking stock of the existing values 
associated with nature, with a particular focus on rice cul-
tivation. A qualitative approach was chosen to analyse and 
describe the perceptions of farmers in their socio-cultural 
and socio-economic context with a focus on three cultural 
ES categories: cultural identity, landscape aesthetics, and 
knowledge systems. We derived these three categories as 
composites based on the Cultural Service categories of the 
MA (2005) (Tekken et al. 2017).

The analysis of the local perception of landscapes was 
aimed to evaluate farmer’s subjective preferences, and their 
knowledge of systemic causalities of rice field biodiversity, 
which is important for the implementation of EE strategies 
(Tekken and Settele 2014). The results of the interviews con-
ducted showed that cultural services associated with rice 
landscapes were more frequently mentioned by farmers in 
the traditional, mountainous study regions. The analysis also 
confirmed synergies between the different cultural services 
and indicated that the level of cultural ESS perceived is neg-
atively correlated with the state of agricultural modernisa-
tion. Cultural identity is linked to expert and tacit knowledge 
of traditional land management and livelihood strategies 
(e.g. production of organic manure, traditional medicine, 

taking care of buffalos, or alternative food sources based 
on local wild flora and fauna). Further, often aesthetic com-
ponents of the landscape are closely linked to the aspects 
of cultural identity (spiritual rituals in mountain forests, or 
graveyards in rice fields). Socio-cultural and socio-economic 
change particularly in connection with technological pro-
gress influence the attitude towards nature: whereas in the 
past nature was often feared as “enemy” that needs to be 
“appeased” by rituals, nowadays modern means of produc-
tion make nature “controllable” and “assessable”.

In all study regions, socio-cultural structures and the soci-
oeconomic situation of farmers influenced their views of 
landscape-related cultural services. The qualitative approach 
of this research provides an important contribution to the 
field of ecosystem service assessments, because these are 
the values people perceive, their individual but culturally 
embedded and socially shaped preferences (Tekken et al. 
2017). On a more practical level, the results can help agri-
culturalists to develop better communication methods, e.g. 
to initiate adoption of sustainable practices.

Focusing on the interrelations between cultural services 
and the state of the landscape in a concrete setting (Ifugao 
rice terraces), two possible processes pervade resulting in 
different development scenarios. On the one hand, increas-
ing landscape degradation leads to a decline in landscape 
aesthetics, spiritual values, knowledge systems and recrea-
tion. As spiritual values and knowledge systems are strongly 
connected to the cultural identity and heritage values, an 
increasing degradation might also lead to their decline. On 
the other hand, the change in cultural services has an impact 
on the state of the landscape. The trade-offs here are that 
with decreasing traditional and local knowledge as well as 

Fig. 4   LEGATO landscape 
“Batad” within region “PH_3 
Ifugao” (compare Fig. 2). These 
amphitheatre-like terraces are 
part of the UNESCO world her-
itage sites of Ifugao province, 
N- Luzon, Philippines (photo 
credits J. Settele 2012)
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cultural identity and heritage values the degradation of the 
terraces further increases. In addition, increasing recrea-
tional use leads to more degradation, although sometimes 
tourism-related income can be helpful for restoring the ter-
races which would be a positive trade-off which might, e.g. 
also be linked to citizen science activities which include 
tourists, tourist guides and local students and farmers (Dem 
et al. 2018; this issue). From the policy perspective, cultural 
revalorisation of agricultural practices is a key recommenda-
tion for landscape conservation (Tilliger et al. 2015).

Valuation

LEGATO has developed valuations of ESS through non-
monetary and monetary methods (Spangenberg and Settele 
2016). The most meaningful components to be calculated in 
monetary terms refer to financial flows such as (potential) 
damage costs (e.g. due to production losses), management/
repair costs (regulation), and avoidance costs (precaution-
ary measures). Non-monetary costs are crucial not only for 
cultural services, but are associated with every land use 
change. For instance, the image of farming as ‘hard work 
for little money and low reputation’, clearly expressed by 
farmers in our interviews in Vietnam as well as in the Phil-
ippines, led farmers to recommend their children to look 
for other jobs paying their education. On the other hand, 
the same farmers would never give up their job as it is part 
of a valued, non-substitutable identity, and a condition for 
staying a member of the - also valued - farming community. 
In the Lao Cai province around Sapa (VN_3, mountainous 
region; see Fig. 2), local women explained that they invest 
1 year for the production of a high-quality traditional outfit 
for their own use, spend less time for producing their hus-
bands’ clothes and the lowest effort is put into tourist prod-
ucts. This shows that the value of tradition justifies higher 
investments of time and labour than the value of money 
(Spangenberg et al. 2014b). As rule of thumb, every activ-
ity, which contributes to the mobilisation and appropriation 
of provisioning ESS, also has a cultural value. Regulating 
services—if recognised—are either valued as nature’s gift 
or as a transcendental contribution to human well-being. 
Consequently, training programs and advice, which do not 
address the wide range of values, are bound to fail. Hence, 
both monetary and non-monetary values must be integrated 
into the implementation of ecological engineering programs. 
This was, e.g. obeyed in the design of the LEGATO enter-
tainment-education episodes, which makes them quite differ-
ent from information and education movies shown on many 
official agricultural TV programs. However, an important 
challenge is to mainstream such programmes into the TV 
stations’ regular programming. In Vietnam where LEGATO 
implemented the entertainment-education approach, local 
TV stations contributed free broadcast time, while the 

creative design and scientific content of these programmes 
required funding (Escalada et al. 2017).

Indicators

LEGATO developed a set of indicators to characterise the 
state of the environment and related socio-economic and 
cultural factors in the seven LEGATO study regions. The 
components of the LEGATO indicator framework can be 
applied to describe ecosystem structures, functions and 
services. The indicator derivation considered, tested and 
improved already existing indicators for ESF/ESS and their 
values, such as those of the CBD (Convention on Biologi-
cal Diversity) and the SEBI (Streamlining European Biodi-
versity Indicators). Beyond the applicability of the existing 
ones, specific integrative indicators were tested for their 
suitability (e.g. the “Human Appropriation of Net Primary 
Productivity—HANPP” tested in VN_3; Li 2014). Resil-
ience and adaptability of rice-based agricultural human-
environmental systems were analysed in a case study in 
Ifugao (PH_3; Castonguay et al. 2016). Indicator research 
is conducted on intra-, trans- and superregional scales via 
cross-regional comparisons. The DPSIR (Driver-Pressure-
State-Impact-Response) indicator scheme, popularised by 
the European Environment Agency (EEA), complemented 
by a drivers’ institutional hierarchy analysis as developed 
in the ALARM project (Maxim et al. 2009; Spangenberg 
et al. 2015a, b) was applied to illustrate the interactions of 
the economic and socio-cultural factors with geo-biogenic 
ones in shaping landscapes and ESS provision and recogni-
tion. Feedbacks from stakeholders and project partners on 
the indicator framework were collected during fieldwork 
and meetings in the LEGATO regions. These feedbacks 
revealed valuable insights which have been deepened by 
focus group discussions and stakeholder interviews con-
ducted by regional LEGATO partners.

Further developing the conceptual framework 
of ecosystem service research

Based on the experiences from LEGATO (and other large 
research projects), the conceptual framework for ESS 
research and implementation was developed further, e.g. 
in the context of the metaphor of ecosystem service cas-
cades (Spangenberg et al. 2014a). The ‘cascade model’ 
of ecosystem service generation and valuation originally 
presented by Haines-Young and Potschin (2010); Potschin 
and Haines-Young (2011) highlights the steps which link 
the biophysical aspects (incl. biodiversity) to human well-
being, in particular for the case of marginal changes. How-
ever, it did not include human agency as a co-producer of 
ESS, an obviously necessary ingredient not only in farm-
ing. We modified the cascade (see Fig. 5) by including, in 
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particular, societal processes and the role of stakeholders 
as the ones defining services. The inclusion allowed repre-
senting appropriation and provisioning activities and thus 
the link to the resulting impacts on human livelihoods. 
This connects the cascade logic to natural resource gov-
ernance since appropriation and provisioning actions are 
at the center of institutional analyses of natural resource 
management. A further LEGATO output (Spangenberg 
et al. 2014b) shows how use value attribution turns bio-
physical ecosystem functions (ESF) into ecosystem ser-
vice potentials (ESP), which—except for ‘final services’—
have to be mobilised to provide ESS. Once appropriated, 
these services generate ecosystem benefits which may be 
commercialised.

For the assessment of ecosystem management and land-
scape planning, the ‘cascade’ can be reversed, turning into 
a ‘stairways’. People making efforts to improve the stock of 
ESS and ESF are often motivated by the benefits they expect 
to receive. The upwards view of the ‘stairways’ can be used 
to describe and model adaptive management, respectively 
adaptive governance where several players are involved. For 
better targeting ESS assessments towards information needs 
in land use decisions, we developed a stepwise, problem-
oriented approach (Förster et al. 2015). This aims at (1) 
structuring ES information according to land use problems 

identified by stakeholders, (2) targeting context-specific ES 
information needs by decision makers, and (3) assessing rel-
evant management options and thus reflects the co-design-
based concept of LEGATO.

Outlook

LEGATO analysed the current and traditional land use, inte-
grating partners from science and practice, in order to evalu-
ate how natural processes could be used to their optimum 
extent. The applied principles, subsumed under Ecological 
Engineering, are low-risk and cost-effective strategies focus-
ing on location-appropriate resource use as an alternative or 
complement to current agricultural practices. The develop-
ment of sustainable farming strategies for smallholders and 
subsistence farmers should also take socio-cultural aspects 
into account, such as knowledge exchange on risks or oppor-
tunities regarding successful farming. The combination of 
traditional knowledge and experiences and the new scientific 
knowledge on how to use biological diversity for enhanc-
ing ecosystem services can achieve food security based on 
functional habitat heterogeneity.

The cultural revalorisation of especially traditional agri-
cultural practices intends to strengthen them not only for 
the purpose of food provision, or as an indirect generator of 

Fig. 5   The ‘cascade model’ of ecosystem service generation and valuation (modified after Haines-Young and Potschin 2010; Potschin and 
Haines-Young 2011; Spangenberg et al. 2014b)
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income (e.g. through recreational activities), but also as the 
materialisation of a heritage that is intertwined with diverse 
cultural factors. The concrete means for this revalorisation 
are also a matter for further research, but in any case should 
be based on a detailed comprehension of the cultural aspects 
of agriculture in the study areas.

Additionally, the complex interrelations that emerge when 
looking at ESS provision in agricultural areas might seem 
to call into question the assumed linear flow from nature 
to services to benefits in assessment models based on eco-
nomic thinking such as the initial ESS cascade (Potschin and 
Haines-Young 2011). Therefore, it is crucial to look at the 
interrelations between ESS using non-monetary evaluation 
approaches.

To follow-up the insights on the role of silicon in pro-
ductive rice cultivation, which are of unexpectedly high 
scientific as well as stakeholder relevance, further research 
should address linkages between plant Si supply and the 
susceptibility of rice crops to pests and diseases under field 
conditions as well as the role of Si in cycling and availability 
of other important nutrients, like nitrogen and phosphorous. 
Further, it is crucial to assess and evaluate in more detail 
the opportunities farmers have for improving the Si supply 
in Si-deficient regions, such as Vietnam (see discussions on 
this aspect in Nguyen et al. 2018, this issue).

For the implementation of flower strips within EE pro-
grams more experimental studies are needed (see Gurr et al. 
2016) to identify seed mixtures and to analyse potential 
interactions between different spatial scales and ecosystem 
services.

Another important future aim is transferring LEGATO 
research results and recommendations in an adapted form 
depending on local circumstances (see Václavík et al. 2016), 
which is important even within countries, like in the case 
of transferring information between Southern and Northern 
Vietnam, as well as for the planned extensions to China, 
Thailand, Indonesia, Taiwan, Malaysia and other countries 
in the region. The combination of participatory approaches, 
innovative communication strategies and the use of new 
technologies, such as social media and internet-based deci-
sion tools, will be used to spread the knowledge and to con-
tinue participatory research in different regions throughout 
Southeast Asia and beyond (Westphal et al. 2015).
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