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吉野川のデータ

Shikoku Island and Yoshino River

Yoshino River Basin Kagawa Prefecture

・

Yoshino River Basin

Ehime Prefecture

Kagawa Prefecture

Tokushima Prefecture

基本高水流量・・・24,000m/s
計画高水流量・・・18,000m/s

（基準地点：岩津）

3

3

河川流路延長・・・・194km
流域面積・・・・ 3,750km
流域内人口・・・・約64万人

２

Kochi Prefecture



四国のランドサット写真

Shikoku Island



Total Rainfall per year at Shikoku Island



Long History of Flood Damage



Flood of Yoshino River



Yoshino river upstream (Ikeda dam upstream)

Annual precipitation 5,200 MCM

Evaporation & 
infiltration

1,100 MCM

Kochi, water volume 470 MCM

Kagawa (all area)
Evaporation 
780 MCM

❍❍ Water resource statistics in Yoshino river region

Ikeda dam
4,100 MCM

Ehime 
distribution
300 MCM

Kagawa distribution 210 MCM

Annual precipitation 2,200 MCM

Storage
1,450 MCM

(surface, subsurface, 
underground water)

Tokushima(Ikeda dam downstream)Tokushima(Ikeda dam downstream)

Discharge 
3,700 MCM

Agriculture water
170 MCM

Ikeda dam downstream 
precipitation

Agriculture 
380 MCM

Industrial 
120 MCM

Tap water 
99 MCM

Ground water Surface, subsurface 
water To ocean 3,400 MCM

It is indicated that the water 
is used in river maintenance 
discharge 410 MCM, 
environment maintenance 
and  the others



Research target: Yoshino river basin in Shikoku area and 
Shikoku water issue committee

1. Shikoku water issue committee
The committee is established on the proposal of the rector (at that time) 
of Kochi university of technology having a purpose to solve the water 
issue in Shikoku and Yoshino river. The members are representatives 
from 4 prefectures, from private stakeholders, mass communication, and 
experts.experts.

2. Awareness of the problem in the Yoshino river area
1. No basic regulation to confirm on flood safety, safety on water utilization, environment, 

and their benefit interaction
2. Relations on benefit from using water between the burdened area and benefited area are 

unclear. It is difficult for the burden & benefit area to share the understanding of each 
others for proper water resources sharing.

3. There are no existing models or tools to (a.) consider interaction among water control, 
water utilization, and environment from the functional view point of river engineering, 
(b.) consider relation of burden and benefit on the understanding of each others, (c.) 
consider relation between water resource and social benefit.
(b.) consider relation of burden and benefit on the understanding of each others, (c.) 
consider relation between water resource and social benefit.

4. There are difficulties to make some compromise for whole basin because of  uncertainty 
of long-term fluctuation of flood, drought and water resource due to climate change. 

3. The picture of Yoshino river, Shikoku in future
It is necessary to form an agreement on adaption policy as a result from the information 
sharing and understanding. Awareness on necessity of the integrated regional management 
system including “Science of prediction”, “Impact evaluation”, “Development” and 
“Enforcement” the adaption policy.



Interaction on water problem in river basin
(function, region)

Water resource area Benefited area

Environment
Cost to sustain Forest

[Water control]
Hard policy 
(river bank, inland water countermeasure)
Soft policy Dam

Interaction of water circumstance from regional society viewpoint

Cost to sustain Forest

Sustain Community

Soft policy 
(Hazard map, regulation on land use)
[Water utilization]
Water usage (Improve efficiency)
Water usage (water saving)
[Environment]
Water quality

Degree of safety Drought adjustment

Water utilization Degree of safetyWater control

Dam

Flood 

Interaction of water circumstance from functional viewpoint
Global climate River environment

Dam &
Operation

Water 
Resource

Environment

Flood 
Control



❍❍Simulate impact of policy by evaluating the effect of changes in water resource Simulate impact of policy by evaluating the effect of changes in water resource 
fluctuation, amount of water, and water disaster due to climate changefluctuation, amount of water, and water disaster due to climate change

According to the 4th IPCC evaluation report, the degrees of drought and heavy rain are 
dramatically increasing due to the climate change. In Japan, Yoshino river basin in Shikoku 

Impact evaluation and regional policy

Island is facing severe problems on drought and flood disaster also. It is necessary to 
understand quantitatively the impacts to the socio economics part and lifestyle as a result of 
developing the integrated model named “End to end model” that consists of “scientific 
climate change model, hydrological model to predict water resource and its fluctuation, and 
social impact evaluation model”, in the Yoshino river basin area.

❍❍Adaptation of policy agreement formation and regional management based on Adaptation of policy agreement formation and regional management based on 
information sharing and mutual understandinginformation sharing and mutual understandinginformation sharing and mutual understandinginformation sharing and mutual understanding

Nowadays, the should-be-shared information is not properly shared, only existing 
information is emphasized. By this reason, effect of policy among the related persons in 
river basin is still unclear.

In order to form an agreement on regional policy, it is necessary to establish a regional 
management system based on information creation and sharing of the policy impact.



❍❍ Necessity of the integrated model for water resource Necessity of the integrated model for water resource 
policy formationpolicy formation

Research on policy, countermeasure, 
management

Policy and countermeasure 
to solve regional problem

Research on mechanism model of 
environmental issues

Integration of scienceIntegration of scienceUnderstanding 
of process

Data integration, 
Information  combination

Integration of science Integration of science 
& social knowledge & social knowledge 

and technologyand technology

Research on natural and environmental 
system model

Basic research on 
meteorological and hydrological

phenomena

Understanding 
of process

Integration of scienceIntegration of science
Data integration, 

Information  combination



The basic issues needed to be solved
1. “Science of prediction” of the climate change

2. “Impact evaluation” of the climate change

Reflect the quantitative evaluation of the uncertainty when downscaling from global level.
 Quantitative evaluation and improvement of uncertainty from climate change 
prediction on water circulation in regional and water basin scale

Quantification of the impacts on agricultural, industrial, lifestyle and environment from 
converting precipitation patterns calculated by climate change to river discharge, 

3. “Establishment” of a policy decision making to the climate change

converting precipitation patterns calculated by climate change to river discharge, 
volume and quality of the water resource.
 Evaluation of the impacts on drought, water disaster and water contamination in 
regional and river basin scale due to climate change.

Development a policy decision making system by considering the uncertainty 
of climate change and cost expectation in the future. Evaluation of benefit of 
economic activities and satisfaction of people in this area. 
 Development of option selection system in order to maximize the social profit 

4. Policy implementation

 Development of option selection system in order to maximize the social profit 
while considering the uncertainty in the future.

From the above problem solving procedures , it is necessary to form the management 
system that can monitor, verify, evaluate and correct the processes in the “Regional 
management system” by combining the functions of agreement formation and benefit 
sharing in the region.
 Propose the regional management system for the adaptation policy implementation on 
the climate change.



How to cope with citizens, specialist, and stakeholders?
(Based on the experience of River Basin Committee at Japan)

In case of Decision Making Committee at the region
①Have to recognize all stakeholders, citizen at the area, those who paying 
tax and other expense in order to construct the committee.tax and other expense in order to construct the committee.

②Enough specialist, citizens to determine purpose and management 
target. Here, citizens are also specialist of regional issues. Participation of 
those who have specific purpose has to be questioned.

③What is the rules for decision making at the committee, and who has 
what kind of authority.

Transparency, information to reveal to citizens, personal information to ④Transparency, information to reveal to citizens, personal information to 
protect, Sometime some restriction of information to reveal is possible.

⑤You need some model to explain whole issues, which is good enough to 
let people understand. So it is also the responsibility of all participants to 
have a skill to explain their opinion good enough so that every other 
participant can understand.



Functional Design for Management SystemFunctional Design for Management System

Hierarchy of Social SystemsHierarchy of Social Systems

Social SystemsSocial Systems

Humanities and Social Sciences
（Economics・Sociology・

Law・Business Administration）

Humanities and Social Sciences
（Economics・Sociology・

Law・Business Administration）

Communication
（Citizen・Consciousness of 

Communication
（Citizen・Consciousness of 

Cost-benefit Analysis
Basic Theory of Investment

Social SystemsSocial Systems
⇒Process and Rule

RuleRule
⇒Evaluation and Consensus Building

EvaluationEvaluation
⇒Evaluation Method and 

Evaluation Criteria

Evaluation MethodEvaluation Method
⇒Indicator and Calculation ・Measurement（Citizen・Consciousness of 

Administrative Organization）
（Citizen・Consciousness of 

Administrative Organization）

Engineering Approach
（Measurement・Evaluation

・Systems Thinking）

Engineering Approach
（Measurement・Evaluation

・Systems Thinking）
Outcome：Benefit

Input⇒Output⇒Outcome

⇒Indicator and Calculation ・Measurement

IndicatorIndicator（（Various IndicatorsVarious Indicators））
⇒Output and outcome



(1),(2) Integrated model for prediction (End to End Model)(End to End Model)
Global climate change prediction models (25 models) from IPCC climate change report

Model ensemble of experiment to simulate climate of 20th

century and reanalysis data of the Yoshino river basin

Climate change model 
(Physical model)Climate change prediction model ensemble 

of the year 2050 and 2100.

ＤＩＡＳ

Precipitation prediction model

Hydrological phenomena structural model Infrastructure management model

Drought and flood probability model
Water resource volume prediction 

model

Engineering impact evaluation

Hydrological model
(Engineering model)

Quantification of bias

Water quality, 
volume

(Flood, normal, 
underground water, 

drought

Lifestyle: 

Water distribution scenarioEvaluation model for social economic benefit
(Awareness logic model and industrial related model)

Policy formation (Input)
(Control of demand and supply)

Evaluation of economic and lifestyle 
impacts

Engineering impact evaluation

Socio-economic model

Lifestyle: 
Logic model

Industrial: 
Industrial IO table model

Environment: 
Monitoring model



Global climate change prediction models (25 models) from IPCC climate change report

● Development of climate change model in Yoshino 
river region and hydrological structural model

Reanalysis data of the 
Yoshino river region

Quantification of the bias
(Quantification of precipitation phenomena)

Climate change prediction model 
ensemble of the year 2050 and 2100

Model ensemble of experiment to simulate climate of 20th

century

Aerial observation data of 
the Yoshino river region

Bias pattern
(Understand of climate change)

Statistically downscaling

Precipitation modelHydrological phenomena 
structure modelInfra management model

Water resource prediction modelDrought and flood probability model

Water resource data of the 
Yoshino river region



Analysis step

❍❍ Water demand prediction model: industrial sector

Water demand = U * [(I-A)-1*FD]

Industrial linkage model in each prefecture: 
(I-A)-1FD

Water use unit: U

- Water resources statistic
Price elasticity 

Cobb-Douglas production function
(I-A)-1 FD = x (capital)a (labor)b

Variables : (K,L)

-Prediction step of the policy effect・・・by using each governmental policy scenario

(I-A)-1 FD

(IT,GDP)

Prediction step with policy effect 

Input-output in each prefecture To generate new IO table in each area
with local condition

and change in 
the future

RAS method 
j
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Development of Logic Model 
of Citizens’ Mind Set regarding Water Issues

（期待）環境に
やさしい農業の

普及

（期待）農薬を使わ

ず害虫の天敵を使っ

た農業の普及

（期待）ペレット
によるハウス加

温の普及

（期待）初期投資コスト

の軽減（ボイラーと同じ
100万円くらいに）

（期待）村から
のペレット置き

場の提供

（期待）国の
補助やリース

（現状）村は、特
定企業の利益に
なる予算は村は
つけたがらない

（期待）村による、将

来を見据えたシステ
ム変革への支援

（現状）村が施設

貸し出しに消極的

排反
事象

排反
事象

（経緯）一部の

村議の意向

（期待）村からの経済的補助
（研究会の経費、天敵増殖の

ための電気代、えさ代）

（期待）村によ
る村内への天
敵農法の宣伝

（経緯）農水省
から、人工増殖
の許可が下りた

（期待）ペレット原材

料の安定的確保

（期待）山林所有
者や国の協力

（現状）村は、他地
域の成功事例がな
いと賛成しない

排反
事象

（期待）高知県全
域に同様のシス

テムが波及

（期待）高知県全体
の農業が活性化 （期待）後継者

問題の解消

（現状）芸西村の
後継者は全国よ
りは高いが、そ

れでも低い

（期待）芸西村に

おける農業の健

全経営

関連事象

Structuring of policy issues Evaluation model for a set of adaptation policy

( )iii ONfA ,=
Establish an benefit (outcome) evaluation model of the 
adaptation policy for citizen and entrepreneur by utilizing 

Awareness 
structural logic 
modeling

Target: outcome

( )iii ONfA ,=
経営環境変化による水量・水質の均衡分析概念図

供
給

コ
ス

ト

供給関数

需要関数

市民の需要構造変化

(１) (２)

Predict the shifting of 
“demand function” from the 

温の普及

（期待）ペレット
加温に無関心な

人の参画

100万円くらいに）

（意思）自分たち
が実践し経営的
メリットを実証

（経緯）バイオ
マスファーム

の設立

（期待）芸西村シ

ステムの他地域

への伝播

（現状）花は

人気の変化

が早い

（現状／期待）育種開発、
生産者、市場、仲買、花や、
消費者が、顔が見えてつな

がっていくシステムの構築。

（現状／期待）
信頼関係構築、
無茶に買い叩
かれたりしない

（現状）花づく
りは、他者へ
の「ありがと
う」の伝達を
助ける仕事

（現状／期待）
生産者が消費
者と繋がってい
ることの実感

（現状／期待）

収入の安定化

（現状／期待）

流行への敏感

な対応

（現状／期待）他地
域（北海道等）の農

家と提携

（現状／期待）同一品
種を年間を通じて供
給する体制の構築

（経緯）品評
会での出遭い

関連事象
関連事象

（経緯）赤ピーマンの
選果機開発（工科

大・竹田先生）

（期待）お年寄り
でも的確な選別

が可能に

（期待）芸西村の系

統出荷率の向上

（期待）有利な

販売

（現状）お年寄り
は傷が見えず選

別が困難

（現状）系統出
荷率の低下

排反
事象

adaptation policy for citizen and entrepreneur by utilizing 
awareness structural logic model

Structural logic model of 
citizen and entrepreneur 
awareness

Demand

PriceNon-price iO
iA

iN

A

Policy, countermeasure, management

Figure of water volume and water quality equilibrium analysis from changes in economic 
viewpoints

W
at

er
 p

ric
e

Su
pp

ly
 c

os
t

Technology 2

Technology 1

Tap water

Demand function

Supply 
function

総供給量／総需要量

需
要

量

需
要

量
(需

要
構

造
)

(１)

需
要

量
(需

要
構

造
)

(２)

“demand function” from the 
changes of regional and 
citizen characteristics by 
modeling the element other 
than price

* Water demand can be expressed by function(price elasticity) of price. But it depends on living standard 
and income. By applying the logic model to those, we can model the shifting of the demand curve.

Structuring the problems in the region by 
hearing observation

Make function from water demand 
awareness structures

Demand

PriceNon-price iO
iA

iN

Groundwater

Total supply/Demand



Example
Safety feel of pedestrian and driver at tonnel

Theoretical Parts Theoretical Parts 
Of peoples’ mind 
And Phenomena

Logic Model

Conduct 
countermeasures

●Red parts of  structured problems was a 
missing partion at the real implementation

*figure of Dr. Kenji OKAMURA , Kochi University of Technology



One Example of structuring procedure
Example

*figure of Dr. Kenji OKAMURA , Kochi University of Technology



Logic model of pedestrian and contractor for safety awareness 
Example

*figure of Dr. Kenji OKAMURA , Kochi University of Technology



赤字は修正済み決定係数（高須地区）
青字は修正済み決定係数（朝倉地区）
赤字は標準偏回帰係数 （高須地区）

Charatersictics

Inomisaki Tunnel
(n=111)

Length  315m、

Ida Tunnel
(n=125)

Length 172m、

Example

赤字は標準偏回帰係数 （高須地区）
青字は標準偏回帰係数 （朝倉地区）
**は1％有意
*は5%有意

*figure of Dr. Kenji OKAMURA , Kochi University of Technology



ProcedureProcedure to conduct policy and management systems from to conduct policy and management systems from 
structured problems of natural and social phenomena structured problems of natural and social phenomena (JST Project Example)(JST Project Example)
問題の構造化から政策や経営システムを構築するプロセス問題の構造化から政策や経営システムを構築するプロセス

（期待）環境に
やさしい農業の

普及

（期待）農薬を使わ

ず害虫の天敵を使っ

た農業の普及

（期待）ペレット
によるハウス加

温の普及

（期待）初期投資コスト

の軽減（ボイラーと同じ
100万円くらいに）

（期待）村から
のペレット置き

場の提供

（期待）国の
補助やリース

（現状）村は、特
定企業の利益に
なる予算は村は

つけたがらない

（期待）村による、将

来を見据えたシステ
ム変革への支援

（現状）村が施設

貸し出しに消極的

排反
事象

排反
事象

（経緯）一部の

村議の意向

（期待）村からの経済的補助

（研究会の経費、天敵増殖の

ための電気代、えさ代）

（期待）村によ
る村内への天

敵農法の宣伝

（経緯）農水省
から、人工増殖
の許可が下りた

（期待）ペレット原材

料の安定的確保

（期待）山林所有
者や国の協力

（現状）村は、他地
域の成功事例がな

いと賛成しない
排反
事象

（期待）高知県全
域に同様のシス

テムが波及

（期待）高知県全体
の農業が活性化 （期待）後継者

問題の解消

（現状）芸西村の

後継者は全国よ

りは高いが、そ

れでも低い

（期待）芸西村に

おける農業の健

全経営

関連事象

Structuring issues 

問題の構造化

Establish an benefit (outcome) evaluation model of the 
adaptation policy for citizen and entrepreneur by utilizing 

Awareness 
structural logic 
modeling

Structural logic model of citizen awareness
市民の意識構造ロジックモデル

Target: outcome

温の普及

（期待）ペレット
加温に無関心な

人の参画

100万円くらいに）

（意思）自分たち
が実践し経営的
メリットを実証

（経緯）バイオ
マスファーム

の設立

（期待）芸西村シ

ステムの他地域

への伝播

（現状）花は

人気の変化

が早い

（現状／期待）育種開発、

生産者、市場、仲買、花や、

消費者が、顔が見えてつな

がっていくシステムの構築。

（現状／期待）

信頼関係構築、

無茶に買い叩

かれたりしない

（現状）花づく
りは、他者へ
の「ありがと
う」の伝達を

助ける仕事

（現状／期待）

生産者が消費
者と繋がってい

ることの実感

（現状／期待）

収入の安定化

（現状／期待）

流行への敏感

な対応

（現状／期待）他地
域（北海道等）の農

家と提携

（現状／期待）同一品
種を年間を通じて供
給する体制の構築

（経緯）品評
会での出遭い

関連事象
関連事象

（経緯）赤ピーマンの
選果機開発（工科

大・竹田先生）

（期待）お年寄り

でも的確な選別
が可能に

（期待）芸西村の系

統出荷率の向上

（期待）有利な

販売

（現状）お年寄り

は傷が見えず選

別が困難

（現状）系統出
荷率の低下

排反
事象

adaptation policy for citizen and entrepreneur by utilizing 
awareness structural logic model (Mind set model) Policy, countermeasure, management

 

（期待）ペレットと
バーナーとの相
性の問題（灰が
炭化して掃除が
できなくなる）の

解消

（期待）減価償却の
必要のあるバー

ナー部分の価格抑
制（理想６０万、限

度100万）

（期待）初期投資
コストの抑制（200
万程度が限度）

（経緯）重油の場合、
農協が無料でタンク、
配管を貸し出し、農
家負担はゼロだった

（現状）農協、役場、
県は重油への助成

をする傾向

（現状）農協は重
油を売って利潤

を得ている
（期待）行政等
からの支援

排反
事象

関連事象

（経緯）梼原
のペレット工
場の設立

（経緯）一次・二次オイルショッ
ク・湾岸戦争のとき、ハウス被
覆を大きくする投資をしたが、
その後、重油価格が下がった
という記憶を持つ人の存在

（現状）数年後には重
油の価格が下がるだろ

うという憶測の存在

（期待）JAによ

るペレット工
場の設立

Example of structured issue by the interview 
to one farmer

Speculation of future drop 
of heavy oil price (state)

Peoples memory at oil crisis ---
investment on green house to save 
energy failed because of the price 
drop (past event)

Association of farmers (JA) 
earning from heavy oil sale 

(state)

Subsidy to heavy 
oil means more 
to JA, local gov. 

(state)

Opposit
e issue

Support 
of local 
gov. 
(wish)

Initial 
investment 
reduction (wish)

Pellet factory 
by JA (wish)

Pellet factory 
by local gov. 
(past event)

Related  
issuesZero 

investment 
for heavy 
oil (past 
event)
Lower price 
of burner 
(wish)

Less hassles 
of ash 
related clean 
up (wish)

 検証後の意識モデル
木質バイオマスを実行するかしないかの判断要因

障害の認識度合い

個々人の経済性
効果

地域全体の波及
効果

労力負荷
による障害

効果の認識度合い

人間関係
による障害

金銭的障害

環

境

日

常

的

費

用

村

全

体

因果関係の不確実性
に起因する

不安による障害

その他の
障害

環

境

コ
ス
ト

収

入

増

加

初

期

投

資

（期待）ペレット
加温システムの

導入・普及

（期待／現状）コンパ
クトなバーナーの開発

（期待／現状）
ペレットの安定供
給体制の確立

（期待）既存の釜との適
合性のあるペレット
バーナーの開発

（期待）
灰の減量

（期待）技
術的問題
の解消

（期待）農家のコ
スト負担の軽減

（懸念）ピーマン
農家がつぶれた
り品目を変える

（懸念）市場に安定した
量を供給できなくなる

（懸念）価格
の不安定性

（懸念）ペレット
使用農家の経
営も不安定化

（懸念）ピーマン農家の
経営が成り立たない

（期待）農家の経
営コスト削減

（期待）農家の経
営安定化

（懸念）重油高騰
への対策の失敗

排反
事象

（現状）重油の高騰で赤
字になっているピーマン

農家もいるだろう

関連
事象

（現状）芸西村での
ピーマンの生産量
は下がっている（作
物転換に起因する
ものだけも一割）

（現状）ピーマ
ンから茄子へ
の再転換や茄
子への一本化

（現状）高齢化
関連事象

（現状）バイオマス以外
（電気ポンプ、ハウスの
追加的被覆、加温せず
栽培）でも経営を成り立

たせている人はいる

（期待）バイオマス・電気
ポンプ・ハウス被覆増強を
組み合わせた、重層的な

重油高騰対策

（期待）ペレット
総需要の抑制

関連事象

排反
事象

（期待）バーナー
の低価格化

（期待）（ペレット原料を
県内で調達する場合）

県内で金が回る

Cost reduction 
of farmers 
(wish)

Stable provide 
of pellet (wish)

Restraint of pellet 
consumption (wish)

Opposit
e issuePolicy failure against 

heavy oil price to raise 
(worry)

Related  
issues

Imbalance 
income (state)

Management failure 
of farmer (worry)

Less 
ash
(wish)Tech.

issue

solve 
(wish
)

More 
pellet 
burner at 
use (wish)

Smaller burner 
to invent (wish)

Compatible pellet 
burner to existing 
heavy oil heater (wish)

Cheaper pellet 
burner(wish)

Money circulation inside 
province by using province 
forest resource (wish)

Cost 
reduction of 
farmers(wish
)

Stable 
management 
of farmers 
(wish)

Opposit
e issue

Multiple 
countermeasures 
against raising 
price of heavy 
oil(wish)Existence of other 

technology for 
management  

(state)
Related  
issuesUnstable  

management 
by pellet 
farming (worry)

Unstable  price
(worry)

Unstable  provide of 
vegetable to market (worry)

Related  
issues

Change 
product
(worry)

Reducing 
product of 
vegetable
(state)

Changing product 
to vegetable of less 

energy 
consumption 

(state)
Aging farmers 

(state)

環

境

日

常

的

費

用

村

全

体

へ
の
効

果

災

害

防

止

効

果

熱

交
換

器

バ
ー

ナ
ー

ペ
レ
ッ
ト
タ
ン
ク

送

給
装

置

農

家

同

士

の
関

係

ボ

イ
ラ
ー

製
造

メ
ー

カ
ー

と
の
関

係

ペ
レ
ッ
ト
の
安

定
供

給
に
対

す
る

不
安

ペ
レ
ッ
ト
の
安

定
価

格
に
対

す
る

不
安

ペ
レ
ッ
ト
ボ

イ
ラ
ー
性

能
へ
の
不

安

山

の
木

を
切

る
こ
と
に
よ
る

災

害

増
加

へ
の
不
安

経

済

効

果

バ
イ
オ
マ
ス
農
産

物

の

ブ
ラ
ン
ド
化
に
よ
る
価

格
上

昇

資
源

の
循
環

利
用

(

お
金

も

村
内
で
ま
わ

る)

バ
イ
オ
マ
ス
シ
ス
テ
ム
導

入
に
よ

る

あ

ら
た

な
雇

用(

人
口

増
加)

村

自

体
の
誇

り

に
な

る

消

費

者
か
ら
の
信

頼

・
安

心

に

よ
る

販
売

量
増

加

地

域
の
印
象

が
上
が
る
効

果

村

全

体
の
知

名
度

上
昇

自

分

た
ち

が
実

践
す
る

こ
と
で

バ
イ
オ
マ
ス
に
消
極

的
な

農
家

も

積

極
的

に
な
っ
て
く
れ

る
と

い
う

期

待

ボ
イ
ラ
ー

（
熱

交
換

器
の
）
メ
ー
カ

と
の
関
係

山

林

保

全

の
効

果

売

り
上
げ
増
加

光

合

成
を

増
や
し
収

穫
量

増
加

が
で
き

る
と
い
う
期

待

耐

用

年
数

へ
の
不
安

修

理

や
メ
ン
テ
ナ
ン
ス
時
に
メ
ー

カ
ー

が
来

て
く
れ
る

か
と
い
う

不

安
加
温

の
性
能

に
対

す
る

不
安

ペ
レ
ッ
ト
タ
ン
ク
設

置

用

用

地

の

確

保

の
困

難

役

所

と
の
関

係

ダ

ク
ト

機

械

（
バ
ー

ナ
ー
）
の
効

率

化

情

報
不

足

バ
イ
オ
マ
ス
の
利
益
が
分
か
ら

な
い

系

統

出
荷

農
家

と
の
関
係

系

統

外
出

荷
農

家
と
の
関

係

環

境

Ｃ
Ｏ

2
削

減

効

果

燃

料

費
低

価
格

に
よ
る

燃
料

費
削

減

排

出

権

売

買

に
よ
る

収

入

増

加

コ
ス
ト
削

減

収

入

増

加

灰

掃

除

の
手

間

Ｊ
Ａ
と
の
関

係

ペ
レ
ッ
ト
費

用

初

期

投

資

間
違

っ
た

情
報

を
鵜

呑

み
に
す

る



Structuring issues
（soft operations research）

・Natural phenomena（including technical aspect）
・Social phenomena

Technically calculative benefits such as GDP from I-O table
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Structural Model of Index

Indicator 1

- Benefit evaluation model in each prefecture
⇔A policy evaluation model based on total benefit evaluation

Indicator representing 経営目標：ｱｳﾄｶﾑ

（期待）環境に
やさしい農業の

普及

（期待）農薬を使わ
ず害虫の天敵を使っ

た農業の普及

（期待）ペレット
によるハウス加

温の普及

（期待）ペレット
加温に無関心な

人の参画

（期待）初期投資コスト
の軽減（ボイラーと同じ

100万円くらいに）

（意思）自分たち
が実践し経営的
メリットを実証

（経緯）バイオ
マスファーム

の設立

（期待）村から
のペレット置き

場の提供

（期待）国の
補助やリース

（現状）村は、特
定企業の利益に
なる予算は村は
つけたがらない

（期待）村による、将
来を見据えたシステ

ム変革への支援

（現状）村が施設
貸し出しに消極的

排反
事象

排反
事象

（経緯）一部の
村議の意向

（期待）村からの経済的補助
（研究会の経費、天敵増殖の

ための電気代、えさ代）

（期待）村によ
る村内への天
敵農法の宣伝

（経緯）農水省
から、人工増殖
の許可が下りた

（期待）ペレット原材
料の安定的確保

（期待）山林所有
者や国の協力

（期待）芸西村シ
ステムの他地域

への伝播

（現状）村は、他地
域の成功事例がな
いと賛成しない

排反
事象

（現状）花は
人気の変化

が早い

（現状／期待）育種開発、
生産者、市場、仲買、花や、
消費者が、顔が見えてつな
がっていくシステムの構築。

（現状／期待）
信頼関係構築、
無茶に買い叩
かれたりしない

（現状）花づく
りは、他者へ
の「ありがと
う」の伝達を
助ける仕事

（現状／期待）
生産者が消費
者と繋がってい
ることの実感

（現状／期待）
収入の安定化

（現状／期待）
流行への敏感

な対応

（現状／期待）他地
域（北海道等）の農

家と提携

（現状／期待）同一品
種を年間を通じて供
給する体制の構築

（経緯）品評
会での出遭い

関連事象
関連事象

（経緯）赤ピーマンの
選果機開発（工科

大・竹田先生）

（期待）お年寄り
でも的確な選別

が可能に

（期待）芸西村の系
統出荷率の向上

（期待）有利な
販売

（期待）高知県全
域に同様のシス

テムが波及

（期待）高知県全体
の農業が活性化 （期待）後継者

問題の解消

（現状）芸西村の
後継者は全国よ
りは高いが、そ

れでも低い

（現状）お年寄り
は傷が見えず選

別が困難

（現状）系統出
荷率の低下

（期待）芸西村に
おける農業の健

全経営

排反
事象

関連事象

・Cultural phenomena (Culture, Organization, Religion, Politics, Habit)

・Technical countermeasures

Interactive reaction

・Citizens’ behaviors or their integrated phenomena 
including their structure of their mind set

Seigo

Structural Model of Index

Indicator 2

Interactive reaction

Interactive reaction

Management Target: Outcome
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Indicator representing 
regional characteristics

Upper awareness

Logic Model

Link to 
management

上位の意識

下位の意識

政策・施策・経営要素

経営目標：ｱｳﾄｶﾑ

Lower awareness

Management Target: Outcome

Policy, countermeasures

Upper awareness

Lower awareness
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Economy/industrial plan
- future IO table based on each 
prefecture plan
- each water use unit

- management of public  

policy evaluation system based on water demand-supply analysis

- water demand & elasticity model
- shift of demand model（household,  

industrial, agriculture, environment）
- water supply model (cost)

-
Physical science, Hydro. model
- climate change model
- water resources prediction 
model

11

(3) Development of adaptation plan to climate change

Water supply
- groundwater
- tap water
- surface water、

reservoirs

Industry, household, 
agriculture
⇔water demand 
model with IO table

Setting of water distribution in Shikoku

- management of public  
budget

- water distribution system

- water pricing policy
- subsidy measure

- water saving policy
（3Rrecycled、reuse、

In case of Bangkok: Only constructing new water supply is 
not enough for higher demand. Combination of water demand
and supply scheme is the best

1 2 3 40
0

10

20

30
Water price, THB/m3

Water use, Mm3/d.

EP1
EP1’

S1

D

D’

(1.23, 15.33)

(2.96, 16.92)

(  GW = 1.25 ) (  PW = 0.48 ) ( RW=1.55 )

Subsidy = 3.1 THB./m3.

Water surplus = 0.32 Mm3/d.

WS scheme
construct new water supply system

WD scheme: recycled water

（equilibrium analysis）

Real option Setting of water distribution in Shikoku
- policy setting in each prefecture
- IO table and water use unit 
- household water model in each prefecture and region 

（3Rrecycled、reuse、
reduce）

- industrial/agriculture
water use policy

- water right
- Benefit evaluation model in each prefecture

⇔A policy evaluation model based on total benefit evaluation- benefit evaluation by logic model
- benefit evaluation by industrial IO table

22

Real option 
setting



 

適応策選択ロジックモデル 

適応策実施プロセスモデル（地域・流域経営モデル） Process model for adaptation policy 
(Regional and river basin management model)

Research processes ＝ Action of the public management

(4) Implementation of the policy 
⇒Regional Management System

（Ａ）
（Ｂ）

Regional and river 
basin

Verification of logic model 適応策選択ロジックモデル 

の検証 

 

適応策選択ロジックモデル 

の設定 

以下の２項目の判断 

・将来のオプション（不確実性に応じた組み合わせの変更）設定 

・将来のオプションを踏まえた現時点での施策・導入技術の 

組み合わせ選択 

気候変動、技術開発

のコスト・効率性およ

び開発リスク、地域・

流域の偏差モデル 

地域・流域の特性や市民の変化 

実際に適用した結果 

変化 
変化 

選択の実施 見直し 
マネジメント 
サイクル 

Investigate

ApplyApply

(Research cycle)

四国水問題研究会
（研究・調整機能）

水資源・水利用等
のデータベース整備

MILT
Shikoku regional 

development bureau

（Ａ）

（Ｃ）

Verification of logic model 
for adaptation policy 

selection
Change Change

Result applied for 
changes in regional 

characteristics
Logic model setting

Models for climate 
change, cost, 

efficiency and risk 
of technology 

development, and 
regional biasDecision: 2 options

1. Setting of future option (scenario on uncertainty)
2. Selection of the scenario of current countermeasure 
and technology introduction based on future options

Selection ReviseManagement 
cycle

Shikoku water issue committee
(Research and adjustment)

Database management on 
water resource and utilization

ロジックモデル 

社会・経済的便益を経営目標とする 

適応策選択ロジックモデル 

経営目標 

・経済的便益 

・社会的便益 

・社会的費用 

多様な 

水処理技術 

（水の３Ｒ） 

 

・効果 

・コスト効率性 

・開発リスク 

・施策・導入技術の組み合わせ 

・水資源配分政策 

Correct

各県有識者
利害関係者

四国４県
水資源部局

（Ｃ）

Policy, countermeasure, management

Target: outcome

Logic model for adaptation 
policy selection, that aims for 

socio-economic benefits

Various 
hydrological 
technology
(Water 3R)

Effects
Cost efficiency
Development 

risk

Logic model Management target
- Economical profit
- Social benefit
- Social cost

- Scenario for counter measure and technology introduction
- Water resource distribution policy

Water resource bureau 
in Shikoku 4 prefectures

Experts and 
interests



NAN river basin
（NAN Province）

Research for River Basin 
Management at NAN river basin



❍❍ An Important first step for river basin management
Attempt to create studying committee with citizens at sub-district

Importance to start with sub-district work shops in order to obtain   
information regarding peoples mind and problems unrecognized.information regarding peoples mind and problems unrecognized.

1)We do not know wholly about the real issues at the residential area.
2)We do not know how residences are feeling the impact of issues 

including policy implemented.

We have to question ourselves at each level of water issues, whether the 
policies or decisions made is linked to the lower level in an integrated manner.

In order to check these problems, and to build a hierarchy integrated system 
for proper decision making, we must start researches from sub-district and up 
to the central governmental level.





1) Water Demand regarding Income and Price can be described as q=f(i, p). But if we 
substitute Income with Satisfaction (Happiness) based on the water consumption, it is 
also a understandable simplest Logic Model of mind set. 

quantity quantity
Low Income 

Group

Middle 
Income 
Group High Income 

Group

Discussion at Thailand over Logic Model of mind set

income price

2)Then we have to obtain the structure of Satisfaction (Happiness), which we can 
easily imagine that it consists of many factors. But here if we look carefully at the 
structure of the Logic Model derived from the minimum modification from the previous 
Logic model which consists of just happiness and price shown below, Income and 
Price are included in the model, which are relative and not fundamental factors to the 
water demand but rather sub-factor to it. So we try to remodel Logic Model of the final 

happiness price

q=f(i, p) q=f(h, p)

water demand but rather sub-factor to it. So we try to remodel Logic Model of the final 
outcome of happiness. Happiness

Health
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3) Of course Logic Model has to be evaluated through the process from structuring 
the issue to picking up the logical part of the mind set, and then we have to make it to 
a numerical model by questionnaire survey.
4) The purpose of numerical Logic Model of mind set is to obtain numerical outcome 
for river basin management associated with numerical numbers of economical benefit 
from water resources, and here comes the question how to make happiness outcome 
to monetary number.

Discussion at Thailand over Logic Model of mind set

to monetary number.
5)If we ask river basin citizens who much do they want to pay for water to get 
happiness, we may be able to obtain monetary model. However, there was a 
question that they may say no-money to pay for better quality and quantity, and it is 
not like Japan that people would answer to these kind of questions. In that case we 
have to utilize the research results of relationship among quantity, price, and 
happiness.
6) If we will successfully go though these procedure to obtain monetary Logic Model 
of mind set, the next issue is to integrate a total benefit of the citizens at river basin.

Total Benefit

Happiness of citizens 
by Water resources

Happiness protected
by flood

Happiness by 
Environment

Happiness by 
Economy
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❍❍ Importance of integrated system 
from sub-district to district, province, central government.

Problems have to be categorized for proper solutions at proper administrative 
level. Then we may be able to select proper issues for each level of the policy 
making and decision making.

1)Some issues can be solved at community with their resources.
2)Some issues need local regulations at local government level.
3)Some issues need central governmental law making.

In order to categorize issues, local study from community level to integrated 
study at central government is necessary.
Issues studied at lower level is useful for upper level study.Issues studied at lower level is useful for upper level study.

For all these studies, regardless of the level, integrated simulation systems 
from meteorology, hydrology, to socio-economical activities is necessary.

Future study have to be extended from sub-district to upper level.



❍❍Significance of the Integrated simulation model 
for policy making and regional management at Thailand

(1) If the simulation from the meteorological science to engineering and social science  
are integrated, it is possible to promptly evaluate the impacts of the policy.are integrated, it is possible to promptly evaluate the impacts of the policy.

(2) Integrated Model for Policy Evaluation will become a frontier example to utilize 
knowledge of natural science for the society.

(3) One of the most difficult issues regarding water can be solved by evaluating the 
policy impact by this integrated model.

(4) Integrated Model for Policy Evaluation may contribute at each stage of decision 
making such as sub-district, district, province, river basin, and central government. making such as sub-district, district, province, river basin, and central government. 

(5)   Especially, science of Public Management will have a important development with 
the practical study at river basin and local area like sub-districts.





■Changing the Way of Thinking
• We did not well communicate with people for Infrastructure 

Planning.

• We did not inform them with enough information that they 
want.

• We did not let them involved in the planning process.

• A New Way of Planning system started in River development.

• New Public Management is a new issue expected to answer 
for financial crisis.



■River administration of Japan

• History of River Administration & Law

Modern River
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Started

In 1896 In 1964 In 1997
Total administration 
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■River Basin Committee for planning
●Planning River Development 

for the next 20-30 years(1)

■Every development was planned by administration

Old system

■Every development was planned by administration

■New Law requires administration to listen to the opinion of residences, 
mayors, specialists

●development policy・・・・Administration determine what level of safety 
should be kept. But actual development plan is not included.

●development plan・・・・・Initial Plan is planned by river administration, but 

New system

●development plan・・・・・Initial Plan is planned by river administration, but 
opinions of residences, mayors, specialist has to be taken.

(Reference)
In Japan, annually, or any other short term basis, special committees for water 

resources, water quality, disaster management, environmental issues are 
already conducted.



• Planning・・・・flood control, water utilization, environment

■River Basin Committee for planning
●Planning River Development 

for the next 20-30 years(２)

• River Basin committee
・・・・mainly consists of regional residence 

・・・・and specialists of each field
(hydrology, agriculture, culture, history, mass media,
biology, environment, city planning, industry etc.)

・・・・planning Official of administration can participate ,but  
cannot talk at the committee unless committee allows.cannot talk at the committee unless committee allows.

• For the committee a preparatory committee is set
・・・・how to manage the main committee 
・・・・who to consists of

and volunteer member of the committee is allowed. 
(For main committee)



• What they determined at the preparatory committee?

■River Basin Committee for planning
●Planning River Development 

for the next 20-30 years(3)

• What they determined at the preparatory committee?
・・・・The number of committee members
・・・・How to obtain additional volunteer member

• The rules determined at the preparatory committee were 
checked and authorized at the main committee.

• The main committee discussed about• The main committee discussed about
・・・the aim of the river development over 20 to 30 years
・・・actual development plan for the next 20 to 30 years
・・・how to inform residences of the planning process



Yodo River

Ibo River

Kakogawa 
River

Yodo River
River



Example: Yodo River Basin Committee
• Function of the Basin Committee

1.To express opinions by checking the procedure of planning the river 
basin development plan.

2.To express opinions to reform the river basin development plan.

3.To discuss for reevaluation of existing development plan and evaluation 
after completion of development plan and to express opinions by the 
authority of Act of Evaluation on Governmental Activities and related 
regulations, until the river basin development plan is planned by River 
Law.Law.

4. To discuss for reevaluation of existing development plan and evaluation 
after completion of development plan and to express opinions by the 
authority of Act of Evaluation on Governmental Activities and related 
regulations after the planning of the river basin development plan 
completed.



●Process of River Basin Committee

■Committee made opinion paper for the river development 
planning.planning.

↓
■River Development plan have to take the committee opinion ; 

administration dose not have to follow the whole opinion 
exactly ,but most of them should be.

↓
■Initial Plan made by administration “again” have to be 

explained to residences, mayors
Initial Plan made by administration “again” have to be 
explained to residences, mayors

↓
■Based on their opinion initial plan is going to be reviewed, and 

administration determine the final development plan.



●”Ibo River” 
River Basin Committee 

• Environmental • Environmental 
conflict

• Budget conflict

• Culture and History 
conflict

 What’s good?
 What’s bad?
 What to control?



■What happened at two river basin 
committees

Results of the committees
 Both river basin committee made recommendation not to plan dams.
 Environmental issues obtained higher priority at both committee. Environmental issues obtained higher priority at both committee.

Different Aspects among committees
 Ibo river basin committee did not have shiver conflict among government and

committee, since dam was not recognized as an urgent issue, but rather a matter of the
interest of the residences how deeply they think dam was needed.

 At Ibo river basin committee, recommendation report from committee was an
acceptable contents for central government, which is going to be taken into account
with the available budget for the nest 20 to 30 years.with the available budget for the nest 20 to 30 years.

 Yodo river basin committee which just made a final recommendation report in this April
is still under the conflict, whether central government should take the recommendation
not to construct or stop constructing dams.

This happened after that central government did not take the part of the  
recommendation  not to construct dams.
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Shikoku Water Issues Research committee(1)

*Purpose 
Integrated discussion of Water issues in Shikoku Island 

to find solution of flood control, Water resource 
utilization, environmental protection.

*Committee 
Committee consists of industrial sector, university 

researchers, and government officials, including central 
government, prefecture.government, prefecture.

*Proposal
Logical and sustainable solution and its implementation 

methodology is going to be summarized.



Shikoku Water Issues Research committee(2)

Kagawa Prefecture

Ehime Prefecture

Tokushima Prefecture

Kochi Prefecture



●Water resource are seems to be not fairly shared, but we 
have luck of accurate information, regarding

Shikoku Water Issues Research committee(3)
・・・・Intermediate Report

1)Amount of available water resource of each prefecture
2)Total social welfare of each prefecture

●Current Water Right is too much protected so that even at 
drought, some water are not effectively used.

including water which do not have specific utilization.including water which do not have specific utilization.

●According to Law of River, at drought stakeholders have 
to share water resources with spirit of compromise, yet
Authority of river manager is too weak to realize the spirit. 



●Assert of one prefecture who has more than enough 
water resource.

Shikoku Water Issues Research committee(4)
・・・・Intermediate Report

water resource.

1)Water which do not have specific utilization is now 
diverted to pipe water.

2)Water which do not have specific utilization protect
environment or river.environment or river.

3)Water which do not have specific utilization is 
a property of the prefecture to hand over 
to a descendant.



❍❍ Research processes for the regional management system
In this project, we can obtain general knowledge from the following 3 methodologies

(A) Regional management system (1.Logic model for structure of social problem and 
management target, 2. Management hypothesis from policy evaluation logic model)

(B) Verification and hypothesis correction by confirming the interaction between (B) Verification and hypothesis correction by confirming the interaction between 
actual regional management system development and scientific approaches.

Step 1: Verify the accuracy of the logic model
Step 2: Modify the element function coefficients in the logic model by analyzing the   

effects of adaption policy
Step 3: Reconstruct the logic model from the social environmental changes to

confirm the validity of the integrated management cycle model and regional   
management systemmanagement system

(C) From the state of the regional management system from interaction of 
feedback(management cycle) from (A) and (B), we can verify the applicability of the 
regional management system that integrated the natural and social sciences affected 
by the problems of climate change.


