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Lake Biwa Key Facts

€ Largest Lake in Japan (670 km?2)

€ Approx. 460 rivers flowing into Lake Biwa, only one outflow from
Lake Biwa (the Seta River)

€ One of the oldest lakes in the world (4 million years)

€ 1000 species, incl. more than 50 indigenous species

Yodo River Basin Key Facts

€ Japan’s second Mega-city area in downstream (Kyoto-Osaka-
Kobe) (17 million population)

€ Lake Biwa Basin occupies half of the basin (Yodo River water
depends much on outflow from Lake Biwa)

€ \Water is utilized many times



Lake Biwa Key Facts

Altitude 85.614 m asl (at low tide in Osaka Bay)
Surface area 670.25 km?2

(Approx. 1/6 the area of the prefecture)
Shoreline 235.20 km
Catchment area 3,848 km?

Maximum Length (North-Soutn) 63.49 km
Maximum width (East-West) 22.80 km
Minimum width (East-West) 1.35 km

Mean depth 41.20 m
Maximum depth 103.58 m
Water volume 27.5 billion m3

Water temperature Max 29.9C(Jul2004) Min 4.4C(Feb2005)



TThe Biwa— Yodo Region
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Yodo River catchment, basic data

Total catchment area 8.240kmi

Length of main watercourse 73km

Population 11.76 million

Area of land at risk of flooding (est.) 773kmi

Population in flood-risk area (est.) 7.76 million

Value of resources in flood-risk area (est.) | JPY 137.6618 trillion

MNo. of administrative entities

54 cities.27 towns.4 villages

Sources:Population within the catchment area calculated
from 2005 Japan Mational Census data; Data for land at
risk of flooding from Kansen Genjou Chousa Kinkichi
Honhen Heisei 1999 [Current survey of rivers: Kinki
Region] published by the River Bureau of the Ministry of
Land, Infrastructure, Transport and Tourism
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gBiwa and Yodo River Basin

DL WHR (-
/" Biwa-Yodo 8.240

Basin Total Km?2

Lake Biwa

3,848
{_~{Basin

Km?2

« Waterworks Supply Population
* Depending on Lake Biwa water

Shiga 1,102, 7317
_ Kyoto 1,814, 201
_ Osaka 8,712,410
Hyogo 2,667, 211

total 14, 356, 619



Landscape of Lake Biwa - Yodo River
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/f‘CZ Water Level Control
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Control of the Water Level:

Occurrence of floods has been contained after the construction of three weirs: the
MNango Weir in 1905, replaced by the Seta Weir in 1964, and yet again replaced by the
newest weir (the New Seta Weir) in 1994. Control of water levels at the weir has
facilitated the control of water supply to downstream areas.

I Related Sheets ) Next Sheet
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Lake Biwa Record Flooding (+3.76m, 1896)
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@1 Water Levels

Severe Floods:

The Lake Biwa climate sometimes leads to
extreme weather. Throughout history, the
residents of Lake Biwa communities suffered
from severe floods and droughts. For
example, a record rainfall in September 1896
caused major flooding, with a water level rise
of 3.76 m that immersed the entire Lake Biwa
lowland area (part of deep color in a map) for
over 220 days.

1896 4E 0D} 7K

{Source: Shiga Prefecture)
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Needs of Downstream
Water Demand Growth
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Needs in 1960s

e Downstream area(Osaka, Kobe)

» Water Demand for human/industry use to meet
population/economic growth

(avoiding groundwater overuse )

e Upstream area (Lake Biwa (Shiga))

» Flood Control in the shores

» Lake water conservation

» Infrastructures to use lake water and area’s
Development
(waterworks, irrigation, sewerage, road, etc.)



The Lake Biwa Welr
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Land Use Changes
IN Lake Biwa and the Yodo River Basin

Municipality
Forests

Farm Land

[==i]
==l Urban Areas
B Undesignated Areas

- Water Areas

-(Lake Biwa Museum




The Biwa - Yodo - Osaka Bay Basin,

Population Distribution (as of 2018)

Legend

[ ] Yodo River Basin
[ Water Supply Area
M [ Water Supply Area (Lake Biwa)
Population Density
1=1000
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RESUILS-1 (LaKe BbiWwa
Comprehensive Development —
LBCDP,

4. WATER RESOURCES AND REGIONAL DEVELOPMENT
NEEDS

4.1. Lake Biwa Comprehensive Development Project (LBCDP)
= 1972-1997, 25 years
= Basically for Downstream water needs

4.2. Policy Framework of LBCDP
= Upstream and Downstream Governments
= Ministry of Construction (then) was the lead agency

4.3. Implementation Schemes of LBCDP
= Lake Biwa water Level
= Seta River dredging and Shoreline flood management
= Weir operating principles
= Development of the Yodo River Basin Management Plans



Fiood Comrol of
Inflowing Rivers
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*: Projects added at the time of revision of the appropriate law in 1981
Systems of Lake Biwa Comprehensive Development Program




LBCDP viewed as an IWRM

* Integrate Demands of Upstream & Downstream

— Sending more water from Lake Biwa to downstream by lowering
the Lake Biwa water level
(With Compensation for lowering water level: Port, water intake
renewal, etc.)

— Upstream region (Shiga) development by special financial
arrangement including covering cost partly by downstream
governments

« Integrate Needs of Flood Control, Water Use, Environment

- E)Si\r/]ers)e water resource area improvement projects in upstream
iga

* Integrate Water Conservation Programs in Lake Basin

— Afforestation, River Improvement, Sewerage, etc.



Water Quantity Management

Seta River 4423
Uji River 177 5,572

SetRiver
4,423

Kizu River 1,561

Uji River
eKatsura River 1,453 5572

Yodo River

8,453 mill.m3.y

Soucce: Lake Biwa-Yodo River Water Quality Preservation Organization
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Seta River Welr controls the lake water level and the
Seta River flow (only outflow river from Lake Biwa)
(built 1905, renewed 1961)




Needs of Upstream/downstream
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New Water Level Control

« Utilize water of Lake Biwa down to -1.5m
« Give additional 40t/m3 water supply to downstream

Planned High Water Level = +1.4m

-+30cm -+30cm




. BCDP Features

o Coordination of up/downstream’s needs by
national government

+ National Project supported by special legislation
and long-term plan framework

¢ Special Financing Arrangement

(National government subsidy, fund transfering from
downstream government to upstream government)



Svstems of L

LBCDP expenses

=Total expenses: 1 905 billion yen=
il
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Night Soil Trastment 0.6%

- hgriculiural Community
Drainage Facibiies 3.5%
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Supphy 0.8% Stations 0.1%
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N F e lation and Ports 0.4%
Forestry Roads 2 5%
Ercsion Conirol 3.1%

Breakdown of Expenses



Finance of LBCDP

Special Financial Arrangement

+ Higher subsidy rate of national government
e.g., Sewerage subsidy: 1/2 to 3/4

+ Osaka/Hyogo Governments Pays part of Shiga’s expense

60,200 m. yen total (602 m $)
o Osaka/Hyogo Governments Granted a Loan to Shiga

5,000 m.yen total (50 m. $)




LBCDP's results:
Water for the Upstream and Downstream Areas
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LBCDP’s results
Lake Shore Flood Control

Kusatsu region, South Shina 2" area

Before dike construction under construction Completion
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Water Supply and Sewerage for Downstream

L

=¥  Water intake

- SeWerage Outfall

Osaka - Kobe

Downstream Y odo

Osaka Bay

Keihanshin Region:

A complex web of water supply and wastewater networks, which support high level of municipal,
industrial and agricultural activities, characterize the region. This great metropolitan complex within
the Keihanshin (Kyoto, Osaka, Kobe) region has been almost totally dependent on Lake Biwa and
the Yodo River for its water resource needs. To meet growing demands, the water resource capacity
had to be greatly increased through Lake Biwa Comprehensive Development Project (LBCDP).

I Next Sheet




Irrigation and Drainage

Source of Water for Irrigation

Water of River, Water of »
Reservair, Others 2 n?{, Lake Biwa

S6%

14%
Water of Lake Biwa and River

Piped Water Systems:

The traditional cascade irrigation of paddy fields where water
was reused repeatedly from upstream to downstream has
gradually been replaced by piped water supply systems that use -
a large amount of water pumped up from the lake. After being
applied to each field, the return flow that contains fertilizer and
pesticide residues is discharged directly back into the lake
through return flow channels shown above. Some of the natural
wetland functions of the traditional paddy fields have also been

I Next Sheet




Variety of Sewerage Systems

Percent of population served by sewerage systems within urban areas
70
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Area Served by Regional Sewerage Systems
Rural Wastewater System

(Source: Shiga Pref)

Sewerage:
Regional Wastewater Treatment Plant The sewerfage service coverage has rapidly
Trunk Sewer Line expanded in the past decades.

I Next Sheet




LBCDP’s result
Environment conservation
In Lake Biwa area

Konan-chubu
Sewage Treatment
Plant




LBCDP’s result
Water Quality Improvement in Lake Biwa

BOD Sewerage Treated population rate %

o
o

BOD of river water flowing into South Lake

BOD of river water flowing into North Lake
(East Shore)

BOD of river water flowing into North Lake
(West Shore)
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Outcome of LBCDP
In Flood Control and Water Use
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LBCDP did achieve its major objectives.

On the other hand,

there have been massive transformations
INn the watershed and lakeshore that led to
significant ecosystem deteriorations.



Reason 1 ise Transformation

Land Use (1994) Land Use (1965)

Paddy field
. Dryland
Urban area
Forest
Golf course
Swamp and grassy area
Lake and attached lakes
Others, wasteland, etc

Land-use Changes (1965-1994):

Land use in the Lake Biwa watershed has changed remarkably
over the past decades, particularly due to urbanization and
industrialization. The increasing demand for more recreational
activities has also led to such land development schemes as
conversion of forestland into golf courses and reclamation of the
shoreline land for construction of parks and other

leisure facilities.
3 Next Sheet
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/IE‘CZ Water Level Control

Mlemssas s lles sntas el before (1962-1991) and after (1292-2002) the alleration in the weir operation rulas

Reason 2
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Impacts.on ~— .
Lakeshorg Habitats, ... ... ..OH < ke

{Source: Shiga Pref

Fluctuating Water Level:
Although the average water level of Lake Biwa has been on the decrease by 1.5m for the
past two to three hundred years, the seasonal fluctuation pattern, marked by high water
levels after rainfall in summer, has remained unchanged for over a hundred years.
However, the alteration in the weir operation rules in 1992 has had an adverse impact on
the seasonal fluctuation pattern, causing water levels to drop during summer seasons;
sometimes the water levels plunged by nearly 1m if the precipitation in summer was
small. The changed water level profile is believed to have had a serious impact on the
ecosystem as well as on the biodiversity of Lake Biwa.

Y Related Sheets ) Next Sheet
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/I:Ol Plants and Animals in Lake Biwa

Result 4 Declining I
Fisheries " rInvading

- JAANA | |Species

& Cither gudgeons

o Biwa gudgeon

» rucian canp

B Round crucian cang
] CE’F}

& Avu fish

Annual changes in fish catches excluding
~ Ayu-fish (Nishino and Hosoya, 2004)
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Sharp Decrease in Fish Catches:

In Lake Biwa, fish catches of most indigenous species, such as the deepbodied crucian carp Carassius
cuvieri and the round crucian carp Carassius carassius grandoculis, have fallen sharply, particularly
those of indigenous species with the exception of the osmerid Ayu-fish, Plecoglossus altivelis alfivelis;
with regard to Ayu-fish, their spawning activities have specially been protected by using artificial streams.
Some of the possible causes of decline include: a decreased habitat of emergent plants (e.g. reeds)
within the Lake and naikos (attached lakes), a disruption in the migration route of aquatic animals caused
by the changes in the paddy irrigation system around the Lake; changed seasonal patterns of water
levels and recurrent low water levels in summer, observed ever since the changed weir operation rules
were introduced in 1992; artificial introduction of and the resulting increase in invasive alien species,
most notably in largemouth bass and bluegills; and changes in water quality, .g., eutrophication and the
influx of hazardous substances.

I Related Sheets ) Next Sheet




“ §i32 L.oss of Natural Environments

© Natural Coastline
m Semi-natural and Artificial

70
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% of Total
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Year (Source. Shiga Pref)

Shoreline Transformation:

The construction of motorway-topped
levees transformed much of the natural
shorelines to artificial ones around the
entire lake. Extensive land-filling along
the shoreline has also been undertaken
particularly in the South Basin.

O Related Sheets ) Next Sheet
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aR2. Impact of Return Flows
Reason 4 .
S — . ‘:‘é

Bird's eye view of the paddy irrigation return flow

Planting Season:

The increase in part-time farmers has resulted in a concentration of spring farming
activities to a particular holiday season called “the Golden Week” during which a
large amount of irrigation return flow is discharged simultaneously from across the

entire lake watershed.
3 Next Sheet




/FRl Forests and Their Functions

Beech Forest in Yogo Cryptomeria japonica Forest in Kutsuki

Land Use by Forest Type:

Forests cover some 60% of the Lake Biwa watershed. Natural forests, consisting mostly of
evergreen oak and beech forests, make up only 2.8% of the area, while the planted forest land,
consisting mostly of Japanese cedar (Cryptomeria japonica, or Sugi in Japanese) and

cypress (Chamaecyparis obtuse, or Hinoki in Japanese) occupy 12.2%. The remaining land is
occupied by secondary deciduous forests and pine forests. The transformation from natural to
artificially planted or semi artificially introduced tree species over the years is said to have caused
reduction in water retention and natural purification capacities.

3 Next Sheet




Result 6 al Environment

o Matural Allached lake (anea) = m Now Altachaed lake (arsa)
— Mabural Atlached lake (number) = Tolal (numbar}

40

Number of Attached Lakes

1940 1945 1050 1955 1040 1085 1070 1075 1080 1DA5S 190 195

{Mote) Matural: naturally ereated Atached lakes
Mew: newly created Adtached lakes

Changes of Naikos in Number and Area

Former Naikos:
The Nango Weir, a type of dam constructed in an effort to
maintain water levels under control, started its operations in
1905. Prior to that, water levels of Lake Biwa used to rise
after consecutive rainfalls, causing the shorelines to recede
landward greatly. Such recession of shorelines as well as
expansion of waters prompted the growth of wetlands,
Distribution of naikos around 1940 (Kurata,  called naikos or “attached lakes’, particularly those of
1984). Black areas indicate reclaimed emergent plants. Naikos, surrounded by paddy fields and a
naikes. The drawings in the figure do nat  Network of creeks and ditches, used to provide sufficient
represent their exact size. open water as well as connection to the lake, allowing
many wild fish and bird species to spawn and thrive.

I Related Sheets ) Next Sheet




/ﬁM3. Climate Change
Rea SO n 7 rthern Basin (-80m)

Decreasing DO Concentration at
the Lake Bottom:

The yearly minimum DO at in the North
Basin (-80m) has been gradually
decreasing over a period of several
decades, except for the last decade
when the trend has not been so clear.

18950 1960 1970 1980 18950 2000

YEar

# Depth 80m (by Shiga Prefecture Fishery Experiment Station}
A Depth 30m (by Shiga Prefecture Institute of Hygienic and Environmental Sciences)
'*' Dapth 90m (In this study, by Lake Biwa Research Institute)
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(SB3. Blue-green Algal Blooms
Result1 '

Blue-green Algal Blooms:

As the flow in and out of the lake is
increasingly controlled, the lake water
becomes stagnant more often. This can
result in anaerobic conditions in areas
where organic sediments accumulate.

It also contributes to more frequent algal
blooms.

i see a movie

“Aoko” or a blue-green bloom
in a South Bain bay.




/I\? BS. Benthic Condition

Thioploca:

While the general belief is that the water quality of Lake Biwa has not deteriorated for the past decades,
various environmental changes have occurred in the lake ecosystem recently. One such change was found
in the profundal zone in the northern Lake Biwa: in March 1991, a dense mat of Thioploca spp., sulfur-
oxidizing bacteria which use hydrogen sulfide as a source of energy, was discovered from the sediment layer
at depths of 60m in the northern basin of Lake Biwa (Nishino et al, 1998; Nishino, 2002). It was the first
report of Thioploca occurrence in Japan, and in Asia second only to the case in Lake Baikal. Occurrence of
the genus Thioploca in high density implies that a considerable amount of hydrogen sulfide is generated in
the lake bottom, in other words, the bottom of Lake Biwa is mostly hypoxia (Nishino et al, 1998)

O Related Sheets ) Next Sheet
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(SB5. Distribution of Submerged Macrophytes
Result 3

W

Hydnlla vemcrllata Myriophyllum spicatum

2000

Distribution of Submerged Macrophytes:

The area occupied by submerged macrophytes in the South Basin has drastically
increased since the 1994 drought, during which an increase in light penetration to lower
depths stimulated the germination of plant seeds at the lake bottom.

O Related Sheets




Macrophytes (Water Plants) Infestations




Exotic Fish Increase




ehttp://www.isewan-db.go.jp/ise-kankyo/img/B1lg/akashio.jpg




“Soap campaign”

Phosphrus-containing
detergents exchanged
with soap

Housewive’s campaign to
stop using synthetic
detergents

eLake Biwa Eutrophication Prevention Red tide occurrence
Ordinance 1977(Japan’s first legislation dramatically decreased next
for controlling inflow of nitrogen and year

phosphorus)




Composition of Pollutant Source

*Groundwater
*Rainfall to lake
*Forest

*Urban land, Road
*Agricultural land
sLivestock farm
*Industry
*Household

*Non point
ssource

1985 1990 1995 2000




Needs for Dedicated Conservation Efforts

Lake Biwa Comprehensive Conservation Plan
(LBCCP, ),

First 10 Years
= Emphasis on “ecosystem restoration”

= Downstream governments reluctant to fund projects

Toward Next 10 Years
= Toward greater
= The second phase plan (2011-2020) needs to be improved
to meet the emerging needs



Lake Biwa Comprehensive
Conservation Plan SL
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Environment and Scenic environment of the lake.

M Preserving the Natural Landscapes

Environment and Scenic Establish a framework of
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Secure strategic points for the
creation of networks to be linked
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LBCCP to Facllitate Greater Efforts In

® Pursuing the Human - Ecosystem Balance
® [ntegrating Lake Watershed (River Basin) Management
® Advancing Monitoring and Treatment Technologies

® Enhancing Broader Stakeholder Participation



Ensuring the Plan’s Effectiveness

* Flexible Execution

— Reflecting observations, surveys, research, and
technological development

— Reflecting plan progress and assessment

— Coordinating groups and measures

— Considering institutional reform

Plan Mechanisms (for continuous improvement)
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Lake Biwa Leisure Use Ordinance, 2002

Regulate Motored Pleasure Boats

Prohibit 2-cycle engine jet ski

Prohibit Releasing exotic fish
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Fish Cradle Project

Restoration the lost watercourse between lake and rice
field for fish spawning

MOTHEE MO RE=TOTF D EES |

10A~11H 7H~108 3A~7AH R
RIZIEDERA UM TR= FLHF. A#. HBAIET
(7K Z20m ~30m) [ <ArYES EEDRL . SMELTREL%
BELES UFEd

-~ - OO HEEMOER
e - FRA 13K % s EEEE M
- o HY R tst CREDRL . FEfa (L35

e 28 ~3A DIEERR T DL PE~H
118 ~28 FAGE D&M TiTEET. —IOTHIE
BRH OKFEFIS0M) T KoTEETY I 4 EET 57537 LI IR
Z2EFILET \#HTT. 4

HAEA LD

[BIFRBCIOTTEIKEHE RBREICLD
KRB DEE KEEHEKRR D& REH




Branding
Fish Cradle - Paddy Rice
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Ecosystem Protection

Reclaimed Attached Lakes to be Restored Back

*The land reclaimed for rice paddy is
now being planned to be back to the
lake. The Experiment to monitor how
wa}terfo‘\{vls and water plants will be
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New Challenges after LBCCP

= Facility Maintenance and Risk Management

e | ess attention and no special legislation for
management (compared to construction)

e | ess population/tax to cover cost
e Risk control (earthquake, etc.)

= Climate Change
e Possible more frequent flood/drought
e Dissolved oxygen decrease in Lake bottom



Risk management against
earthguake
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‘Damage in Treatment center in Kobe (1995)
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Climate Change in Lake Biwa area
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Hardest Drought In Lake Blwa 1994 ( 123cm)
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Decrease of Dissolved Oxygen in
the Bottom in Lake Biwa

= In usual years, surface water is cooled down in winter and sink
down and mix with bottom water, then oxygen is supplied to
the bottom water.

= In 2007 winter, this water circulation did not happen until April.

Spring to Summer Winter

phyto plankton _

|

Oxygen Consumed in Bottom Oxygen Supplied to Bottom



Strong Connections
In Lake Biwa and Yodo River Basin
- Past and Present -

Human life, industry, Conflict on Flood Control
and Transportation and Water Use

based on
water resource Various project implemented
on Flood Control,

History and Culture Water Efficient Use and
‘related to water Environment Conservation

Advanced strategy
Introduced, e.q.,
LBCDP, Mother Lake 21

Unified urban area
developed riparian area




Future of Lake Biwa Yodo and River Basin

® Degradation of Water Quality

Lake Biwa’s Strong and Ecosystem
® Loss of original landscape

Connection With ® \Weakening of relationship

Yodo River Basin between human and water
® Declining of urban vitality

Problems of Lake Biwa Lake Biwa and Movement to prefectural
cannot be solved Yodo River government system
only within shares restructuring for

Lake Biwa Basin common problems larger area governance

We need Integrated Basin Management

In Lake Biwa and Yodo River Basin
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THE CHALLENGES AHEAD (Emerged Policy
Frameworks)

= Yodo River Improvement Plan, 2009

= Integrated Management Lake Proposed
Conceptual Framework, 2011

= the Kansai Broader Region Collaboration
Framework, 2012

s Passing of the “"Basic Law for Circulatory
Management of Water”, necessitates the Biwa -
Yodo region to develop a "Basic Plan for
Circulatory Water Management”, 2014



Water Use in Lake Biwa-Yodo River Basin

Prefecture Water supplied
population from Lake

Biwa (persons)
Shiga 1,148, 702
Kyoto 1,811, 645
Osaka 8,817,876
Hyogo 2,757, 285
SUM 14, 535, 508

nvironmental & sanitary
h, Vol.12, No.3, 1998




Increasing Water Contamination
RISKS

Complicated and
highly reused water
system

4 )

Increasing of tap water
contamination risks by
emicro-pollutant and
microbe

- J

e Sewage Treatment Plant Drain

e Tap Water Intake

Source: Lake Biwa-Yodo River Water Quality Preservation Organization



Then Need for Broader Basin Governance involving
Lentic — Lotic systems consisting of the entire Lake
Biwa, Yodo River and the Osaka Bay region

Lentlc Water Systems
ex. Lakes, Reserv0|rs Ponds
Wetlands etc.

eLentic and Lotlc Water Systems in Yodo River Basin and Lotic Wate
Osaka Bay Region Rivers, Can. '



