Research Institute for Humanity and Nature

Hierachical Wt Menaoemen

for Creation of a Watershed as a Public Space

- The research integration challenge in the Lake Biwa agricultural drainage problem-

_ 23-24 September 2006
~ Research Institute for Humanity and Nature
Kyoto, Japan




Hierarchical Watershed Management

for Creation of a Watershed as a Public Space
- The research integration challenge in the Lake Biwa agricultural drainage problem-

23-24 September 2006
Research Institute for Humanity and Nature
Kyoto, Japan






E Overview

The Research Institute for Humanity and Nature (RIHN), founded in Kyoto in 2001, 1s
an interdisciplinary research institute dedicated to global environmental issues. This
workshop is organized as part of an RIHN project, “Multi-disciplinary research for
understanding interactions between humans and nature in the Lake Biwa-Yodo River
watershed” and is supported by RIHN.

The main objective of the meeting is to review our S-year project activities on watershed
management, present our achievements, and discuss the future problems uncovered by our
project. In consideration of the characteristic scale of a watershed, we have been
developing a methodology for watershed diagnosis and consensus-building to overcome
the difficulties arising from the watershed nested structure. “Hierarchical watershed
management” , amodel of watershed management systems which assumes the presence
of an explicit hierarchy was proposed and set at the core of the project. Based on this idea,
we have been working on the agricultural drainage problem in the Lake Biwa watershed
as a typical case of a trans-scale issue.

The workshop consists of three sessions. Sessions 1 & 2 (Saturday 23 September) will
focus on our research integration challenge with respect to the agricultural drainage
problem in the Lake Biwa watershed. Session 3 (Sunday 24th) will try to broaden the
methodology we have developed in the Lake Biwa watershed to the Yodo River and other
watersheds.

In Session 1, the basic concepts and results of our newly developed watershed
diagnostic methods and a synthetic model of the agricultural drainage problem will be
explained and discussed.

In Session 2, the results of an environmental consciousness survey through workshops
and a GIS-based scenario approach to enhancing communication between stakeholders
will be explained and discussed. In Sessions 1 & 2, we will invite administrative officials
and stakeholders in Shiga Prefecture to share and discuss the issues.

In Session 3, based on a comparison of various watershed environmental problems,
including the Yodo River watershed, we aim to discuss the potential and future directions
of our methodology. Finally, in the Discussion, we will summarize the ideas and concepts
covered in this project, e.g., how to manage interdisciplinary research, watershed
diagnosis methods and governance, and how to enhance communication between
stakeholders and promote feedback between basic research and practice in the field.
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Basic Concepts of the Project and Analysis of Social Factors Affecting Turbidity Problems

Ken-ichi WAKITA
Faculty of Sociology, Ryukoku University

Generally, a watershed has a “nested” structure that encompasses the human activities
that develop within it. For our investigation we chose the Lake Biwa watershed as an
example of this kind of nested structure and defined it as a hierarchy consisting of three
spatial levels: macroscale (the entire watershed), mesoscale (the regional community),
and microscale (the local community). We focused particularly on ways of viewing the
problems occurring in the watershed at each level, because differing views can cause
conflicts of interest between levels and thus obstruct watershed management. In other
words, the reason why watershed management is not working well is that active
communication aimed at balancing competing interests is blocked, leaving a variety of
stakeholders dispersed over the three levels.

In light of this background, our focus was on the turbid water discharged from rice
paddy fields. The soil puddling performed in the first stage of rice farming causes turbid
water to flow out of the paddy fields through medium and small rivers and finally into
Lake Biwa. At the microscale level, this turbid water is regarded as causing a
deterioration in the riparian environment surrounding the rural settlements by farmers
(“feedback issue”). At the mesoscale level, however, it inflicts damage on the activities
of coastal fishers: at this level the people doing the damage and the people suffering the
damage are different (“causing/suffering damage issue”). Furthermore, the continuous
outflow of turbid water produced by the regional community into Lake Biwa could
accelerate the eutrophication of the entire lake on a macrospatial level and raise concerns
about the shift in water regime represented by a rapid deterioration of water quality
(“global environmental issue”). The type of problem posed by the turbid water changes
with the spatial level, moving up from the microlevel through the mesoscale to the
macroscale, expanding the scales of space and time at which problems occur. Therefore,
turbid water problems can be understood as combined problems of different types and
scales that are linked to each other.

Analysis of the social/political factors from which such combined problems are
generated is important, as well as the said sociological analysis of turbidity problems. In
the background of these turbidity problems is an agricultural modernization policy that
has been promoted nationally. Although this policy has improved agricultural
productivity, it has unintentionally diminished the rural community’s ability to manage
the aquatic environment, including paddy fields. In addition, the environmental load
imposed by the turbidity from farming around Lake Biwa has left an external
diseconomy. As yet, it cannot be said that counterstrategies have been effectively
implemented. For example, Shiga Prefecture’s coordination of the environmental and
agricultural policies for Lake Biwa has not been totally successful.

What kinds of activities or systems should be developed in social settings to solve
these combined turbidity problems? We would like to propose a hierarchical watershed
management system incorporating adaptive management, because we believe that
governance by a variety of stakeholders on the basis of adaptive management at each
spatial level is needed to achieve effective management of the watershed as a commons.



Development of Environmental Indicators Linking Lakes-Rivers-Humans and Watershed Diagnosis

Takanori NAKANO
Research Institute for Humanity and Nature

Despite various measures having been imposed, the water quality of Lake Biwa has not
greatly improved. One reason is that what affects the lake water quality has not been
elucidated. Environmental impacts on lake water imposed by humans are for the most part
delivered by rivers. To identify the causes of degradation of the lake’s water quality,
therefore, it is necessary to investigate the water quality of influent rivers as well as Lake
Biwa itself while linking it to human activities in the watershed. A variety of stable isotopes
and multi-elements can be used as environmental indicators to trace qualitative links
between lakes, rivers, and humans.

Substances with the same element but different masses are referred to as stable isotopes. It
is known that the stable isotope composition of organisms living in water systems reflects
the quality values of ambient environmental water. Research on the stable isotope
composition of nitrogen, sulfur, and strontium contained in an annual fish, living in the
northern part of Lake Biwa revealed that heavy nitrogen, light sulfur, and light strontium
have gradually increased in the lake water over the past 40 years. In many cases, the
compositions of stable isotopes and dissolved-constituents of influent rivers depend far
more on regional changes than on seasonal changes. The river water quality at downstream
points near the lake reflects the characteristics of each watershed environment.

A macroscale investigation of the Lake Biwa watersheds has revealed that the rivers that
account for all the secular changes in the stable isotope composition of the lake water
obtained from Chaenogobius isaza are mainly small and medium-sized rivers flowing
through the agricultural region east of Lake Biwa. These rivers are heavily contaminated
with acids such as sulfuric acid, nitric acid, and bicarbonic acid, as well as minerals
including calcium and magnesium. The stable isotope composition of sulfur contained in
agricultural fertilizers and that of strontium as an exchangeable component of the
sedimentary rock and soil in the plain to the east of the lake correspond to their values in
these rivers. These facts suggest a scenario in which the acids generated by agricultural
activities have dissolved minerals out of soil and rocks in the plain, leading to changes in the
lake water quality.

Although these small and medium-sized rivers have small watershed areas, and they
contribute only 1 to 2% of the overall picture, they can account for the current concentration
of sulfur and strontium in the lake water and the secular changes in stable isotope
compositions. However, the concentrations of phosphorus and nitrogen that are usually
contained in rural rivers are lower than those in miscellaneous runoff. Since phosphorus
level is a limiting factor on biological activities in Lake Biwa, we need to verify, from
different approaches, to what degree these small and medium-sized rivers influence the
eutrophication of Lake Biwa. According to a microscale study, the water quality of small and
medium-sized rivers varies according to environmental changes in the surrounding paddy
fields, such as caused by fertilizer application and irrigation. The concentrations of
phosphorus and nitrogen contained in agricultural muddy water depend greatly on water
control patterns. Although muddy water is rapidly generated (in about one day), 0.8 to 5.3%
of nitrogen and 13.5 to 42.3% of the phosphorus that flows into the northern part of Lake
Biwa is attributable to agricultural muddy water. The reason for the high environmental
impact of phosphorus caused by muddy water is that phosphorus accompanies fine-grained
suspended matter such as organics and clay. Better insight into the dynamics in the lake is
the key to elucidating oxygen deficiency on the lake floor. In spite of the declining effects of
domestic wastewater due to improvements in sewerage, the environmental impact on the
lake water exerted by muddy water and other agricultural activities appear likely to increase
in the future.



Encouraging Agricultural Drainage Reduction Behavior by Action Research

Junzo KATO
Faculty of Human Sciences, Osaka International University

The purpose of this study was to investigate the effect of action research in facilitating
agricultural drainage reduction behavior, and the decision-making process of farmers on
agricultural drainage reduction behavior.

Agricultural drainage is one of the causes of water pollution of Lake Biwa. To reduce its
effects, both hard measures, such as the legal establishment and maintenance of an
institution, and soft measures on the part of individual farmers, are important.

One effective method of changing individual attitudes and behavior is persuasion. This
study showed that the effects of persuasion were similarly effective on an individual's
attitude to environmental problems and on their subsequent behavior. In this study, we
attempted persuasion on the issue of agricultural drainage reduction in the action research, in
which an experimental workshop under controlled conditions was held with actual farmers,
and investigated how the attitudes and behavior of farmers with respect to agricultural
drainage reduction could be modified.

In the action research, four experimental conditions were provided. First was the
emotional approach (Emotional condition). This condition was based on information such as
the farmer’s attachment to their local area and to living things, and attempted to promote
subjective norm evaluations and the behavioral intentions. Second was the rational approach
(Bio-Chemical condition). In this approach, scientific information, such on chemical
substances which cause water pollution and their biological influence, was presented with
the intention of promoting risk cognition and in this way modifying the goal intentions of the
farmer. Third was the emotional plus rational approach (E + BC condition) which added
together the above two conditions. Fourth was the control condition in which no specific
information was supplied.

A questionnaire with room for unstructured responses was distributed after one week of
workshops (the number of responses was 39). The results of analysis using KJ methods
revealed that E conditions are effective in the facilitation of behavioral intentions. On the
other hand, the BC condition facilitated goal intentions, but did not lead to facilitation of
behavioral intentions: Moreover, under the E+BC conditions, both the goal intention and the
behavioral intentions toward reduction of cloudy water were promoted. Under the control
conditions, it was shown that giving minimal information about the present condition of
Lake Biwa was counteracted by the effects of discussions by participants in the workshop, so
the validity of the workshop itself was verified.

To investigate more comprehensively the attitudes and behaviors toward agricultural
drainage reduction on the part of the farmers and their decision-making process, a
questionnaire was distributed two months after the workshops (number of responses: 60).
Multiple regression analysis revealed that the goal intentions toward Lake Biwa and
attachment to the local environment had significant influence on overall behavioral
intention. A detailed analysis of each factor affecting behavioral intention revealed that the
goal intention toward the aquatic environment and attachment to the local environment
significantly influenced collective behavioral intentions, and the goal intention toward the
local environment and identification with the local area had significant influence on
individual behavioral intentions.

Overall, it was shown that action research by workshops assisted in modifying attitudes
and behaviors concerning reduction of farm agricultural drainage; and that for promoting
action on the part of farmers to reduce agricultural drainage, it was important to arouse goal
intentions on different levels and focus their concerns on the local environment.
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Scenario Approaches for Promoting Inter-hierarchy Communication

Shigeo YACHI
Research Institute for Humanity and Nature

In watershed management, the effective use of any environmental information obtained for
problem solving, as well as the development of diagnostic and monitoring methods for the
watershed environment, is an important issue. This project proposes hierarchical watershed
management as a system for solving the problems associated with the watershed hierarchy. It
consists of two pillars: (1) promotion of environmental protection activities (presented by Kato) and
adaptive management to deal with uncertainty by feeding back the environmental information
obtained; and (2) investigation of a mechanism to integrate the various hierarchically dispersed
perspectives and ideas of interested parties into a mutual understanding by promoting
communication. As one of the approaches to the second pillar, we propose a cross-scenario
approach for interested parties to find a method for real agreement. This approach predicts future
scenarios from individual standpoints by using geographic information systems (GIS) as a common
database to help each party understand the ideas of the others in the scenario review process.

Lake Biwa is indeed a vital resource of ecosystem services for the residents of Shiga Prefecture
and the Yodo River watershed. However, we wonder how these communities can reduce their
environmental loads, including that imposed by turbid agricultural water, in a situation where the
effects of human activity have gradually accumulated in the lake ecosystem. In the Inae District,
which is covered by rice fields, the people are seriously discussing the future of their agriculture and
villages in light of changes in agricultural policy, globalization of food, and big changes to farming
villages and communities. The futures of Lake Biwa and the Inae District will not be determined
independently, but their future visions will be closely linked. Therefore, a method of sustainably
considering the futures of Lake Biwa and the Inae District is needed.

This presentation indicates the necessity for scenario approaches to watershed management by
giving an example of a lake ecosystem where a rapid change in ecosystem (regime shift) occurs, and
it shows the limitations of the approaches taken by various interested parties using an example of
eutrophication of the Lake Biwa ecosystem in the Lake Biwa watershed, it further provides a basic
idea of a cross-scenario approach that can go beyond the limits of the conventional scenario
approaches, and it also introduces a method of supporting the promotion of communication among
interested parties through workshops using the GIS.

Specifically, we have developed a prototype system called “Shinario-kun” to examine the
relationship between macroscale (Lake Biwa watershed-level) environmental protection scenarios
(reduction of environmental load on Lake Biwa), using the example of the turbidity problem, and
the future mesoscale (municipal-level) community scenario in the rural areas around Lake Biwa,
such as the Inae District. By combining a macro-hydrologic simulation of Lake Biwa’s tributary
rivers and a detailed hydrologic simulation that links the small and medium-sized rivers and the
agricultural runoff network in the Inae District, we have created a hydrologic simulation model that
can reflect detailed information on the Inae District in regard to strategies for combating the muddy
water flowing into Lake Biwa.

As an option for a region-based scenario, on the other hand, we have adopted a level of effort
targeted at assisting large-scale farmers and farm integration. We have created a simulation of how
agricultural management in the Inae District at a community level will change according to the
scenario, and we have also created a simulation system on the GIS screen. The system
simultaneously reflects what types of agriculture and farm villages are envisioned under the regional
scenario selection, and how the flow of muddy water into Lake Biwa will change under the
assumption that there is a correlation between agricultural management types and environmental
considerations. We would like to discuss the possibility of a deeper mutual understanding among
representatives of the various interested parties in the Biwa Lake watershed. Ideally this will occur
while they repeat the process of trial and error in seeking a better scenario for coexistence on the
basis of the scenario selection results displayed on the GIS screen during the process of creating the
Lake Biwa environmental protection scenario and individual regional scenarios.



Problem Framework of the Yodo River Downstream Area in Terms of Water Quality and Inflow Loads

Shigeo YACHI
Research Institute for Humanity and Nature

The features of the Lake Biwa-Yodo River watershed vary from the upstream rural area near
Lake Biwa to the downstream urban area of the Yodo River. From the perspective of hierarchy,
we first developed a project in the Lake Biwa watershed focusing on the problem of agricultural
water turbidity, and we then proceeded with studies on adaptive management and a method for
promoting inter-hierarchy communication, along with a method of environmental diagnosis to
elucidate the entire framework of the problem. On the basis of our research activities in the Lake
Biwa watershed, this presentation aims to distill the main problem framework of the Yodo River
downstream watershed and to discuss ways of developing the methodology that has been used in
the Lake Biwa watershed from the perspective of hierarchy.

As part of this project, we performed water quality surveys and on-site inspections along the
Uji, Katsura, and Kizu rivers, and at the mouth of the Yodo River. We also formed the Yodo
Downstream Area Team. This team has organized major events to deal with water environment
problems in the Yodo River downstream area; its activities have included visits to sewage
treatment plants; workshops to examine the effects on the ecosystem from the mouth of the Yodo
River through to Osaka Bay; and analyses of existing disclosure documents. We need to carefully
watch the influences of the environmental loads imposed by the Lake Biwa watershed and the
above-mentioned three rivers, as well as those imposed by domestic wastewater flowing in the
mainstream of the Yodo River around urban areas. We need to monitor the effects of these loads
on regional rivers and aquatic environments, and on the marine ecosystem from the mouth of the
Yodo River through to the head of Osaka Bay.

In the Yodo River downstream area, the concentration of population and industrial
development in the urban area have accelerated the use of technical measures, including sewage
treatment, resulting in the development of a complex water supply and sewage network and the
formation of a landfilled or artificial coastline from the mouth of Yodo River to Osaka Bay. This
has weakened the relationship between urban residents and the water environment, making it
more difficult to reduce the environmental loads imposed by emissions. In addition to this, loads
that are beyond the control of residents in the downstream areas are being added upstream. The
problem structure of the Yodo River downstream area is that the correlation between these
factors is even now strengthening the position of technical measures, including sewage
treatment, as core strategies for improving water quality; this forms a negative spiral,
encouraging the development of an invisible system that increases the distance between people
and the aquatic environment.

From the perspective of hierarchical watershed management, a mechanism for the adaptive
management of actions and for feeding back the results of monitoring is necessary to promote
environmental protection activities and thus reduce emission levels. To this end, we first need to
clearly position the area from the mouth of the Yodo River through to Osaka Bay as a macro
endpoint of the entire Yodo River watershed, and we need to evaluate the influence of loads in
the Yodo River downstream area on the ecosystem. Next, a common platform is needed for the
people involved to give feedback and discuss the current status of the problem, even if it is at a
closer spatial scale equivalent to the mesoscale or microscale in the Lake Biwa watershed. As an
embodiment of this, we have made a prototype database that can evaluate the circulation of load
substances in intake water/wastewater units along watersheds. This is done with reference to
clearly understood spatial units for water or substance flow in sewage treatment units, or on an
administrative district scale based on discharge treatment using current sewage treatment
technologies.

If the database of mesoscale/microscale loads on watersheds and macro loads on lakes and
rivers is combined with an evaluation of the influence of these loads on the ecosystem from the
mouth of the Yodo River through to Osaka Bay, then we expect that the database will become a
common platform for inter-hierarchy discussions through evaluation of the direct and indirect
effects of loads from upstream, natural attenuation, and sewage.



Application to Various Watershed Issues Centering on Hierarchy

Yuichi HARA
Faculty of Bioenvironmental Science, Kyoto Gakuen University

Actions on watershed-based issues have been implemented in various parts of the country,
marking a change in emphasis from previous river, forest or city-based studies and plans. This
research project is one of them, and has been carried out treating Lake Biwa and Yodo River as a
watershed unit. We present first what that has changed and how it has changed as a result of
using this watershed-based methodology, which represents a paradigm shift in the framework for
research and administration.

In the past, when primary industries predominated, the major watershed issues were limited to
securing sufficient water for rice growing and taking countermeasures against occasional floods.
In more recent years, especially since the 1960s, numerous factors other than water utilization
and flood control have been drawn into the study of watershed issues as a result of the
diversification of the economy, modes of travel, and lifestyles. In the Lake Biwa-Yodo River
watersheds, a variety of watershed-related problems such as dam problems, biodiversity,
proliferation of non-native fish species, endocrine-disrupting chemicals, loss and regeneration of
watersides, successor problems in agriculture and forestry, promotion of citizen participation-
type administration, promotion of the economy, and the need for environmental conservation
have become evident. Therefore, the biggest challenge in proceeding with this watershed study is
how to handle this “explosion of factors”.

The “explosion of factors” will also lead to an increase in “uncertainty” that is attributable to
the accumulated variation in each factor. It has been realized that watershed-based studies need
to respond to this “explosion of factors” and “uncertainty,” but few past studies and
administrations have been skilled at handling these items. In this study, watersheds are
segmented in terms of space and domain, and optimization studies have been carried out in each
segmented “region.” It took a long time for us to realize that the aggregation of optimized
“regions” did not lead to the optimization of the entire watershed, and that isolated optimization
of a “region” caused unwanted side-effects. This has complicated the problems in the subsequent
responses. The response to flood control clearly proves this.

We have carried on this research project while expressing segmented situations with the word
“hierarchization” and turning our attention to spatial layers (macro, meso, micro and so forth)
and differences in people’s thinking about and understanding of them. “Hierarchization” means
that invisible barriers exist between segmented factors that hinder the study of watershed issues.
Accordingly, there are inter-domain layers along the horizontal axis besides differences in spatial
scale on the vertical axis. This study features a combination of humanities and sciences as a
methodology for overcoming these barriers. With respect to “uncertainty,” on the other hand, this
study adopts the “scenario approach” used in the global warming study at the Intergovernmental
Panel on Climate Change (IPCC).

The outcome of this Lake Biwa-Yodo River watershed-based study is that we revealed
invisible barriers between factors on a spatial scale and specialized fields and proceeded with a
methodology for overcoming these barriers as measures to cope with the “explosion of factors”
and “uncertainty” specific to individual watersheds. For studies on other watersheds, it appears
possible to clarify the existence of various hierarchies, overcome and merge them, and find a
new perspective by activating communication in the same manner as in this project.

Finally, I would like to reveal water environmental indicators for 109 lakes and rivers in Japan
other than Lake Biwa and Yodo River as well as water disaster vulnerability indicators of 114
watersheds worldwide, in related research. I will also give examples of how the barriers between
spatial scale and domains have been addressed.
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