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It is predicted that by 2050, 

over 40% of the world's population will face severe water shortages [5].

Water shortage

Over 40% 

[3] [3]

Global Water Crisis by 2050
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The amount of freshwater available for human use on the Earth is extremely limited. [5]

Sea Water

97.5%

Fresh Water (solid) : 1.7%

Fresh Water (liquid) : 0.8%

Underground
Rivers and lakes
0.01%

As human rely on rivers and lakes, the amount of rain affects the availability of water.

The Availability of Water
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Climate change due to global warming is causing abnormal weather patterns, 

significantly impacting water resource availability. [9]

Demand

･Increasing evaporation from agricultural land

･Changes in irrigation schedules

･Raising the demand for drinking water

Supply

･Reducing snowfall

･Causing earlier snowmelt

→Changes river runoff

To adapt to these changes, efficient water use is required.

Water Resources and Climate Change
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Global Water Use Trends
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2/3 Used for Irrigation

Water Demand Distribution
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Water flows sequentially from main canals to branch canals and then to farmlands.

Dam

Canals

Branches
Pumps

(for handling water shortages)

Gates

[1]

Irrigation Canal Systems
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Current management:

Manual control based 

on monitoring and operator experience. [6]

Issues:

Dangerous under severe weather. [7]

Recent climate changes makes water supply unpredictable. [6], [8]

Goals:

Understand the current gate operations of workers.

Identify and propose ways to reduce water shortages and surpluses.

Centralize water canal management.

Irrigation Canal Management
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The target canal flows from a dam 

into one of the main rivers flowing into Lake Biwa.

[3]

Irrigation Canals in Shiga Prefecture

Lake Biwa

Shiga Prefecture is home to Lake Biwa, the largest lake in Japan, 

which supports the lives of approximately 17 million people. [10]

Shiga Pref.
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[3]

Target Canal in Shiga Prefecture

Lake Biwa22 measurement locations

Distance between gates (30 km total)
11
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Water 
Management 
System Data

April 10th - October 1st

Measurements every 10 
minutes

Gate Operations

Shortages & Surpluses

Classify Causes of Gate 

Operations

Water Data Trends

Objective 1:

Identify gate operations 

and water shortages

Objective 2: 

Classify causes and 

identify trends
Workflow

Water

Surplus

Water

Shortage
Scheduled

Future goal: automate gate operations

Flow Rate (m3/s)

Water Level (m)
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Manual Methods
● Locate gate operations

● Classify the cause
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Manual Methods

The results were compared with those obtained 

from mathematical methods and were used to evaluate these methods.
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Manual Methods
Gate C

Gate I

Branch I

Other gates

and other branches

Only gate C was operated 

for branch I’s shortage.
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Manual Methods’ Issues

Real-Time Analysis

Manual methods lack the ability to provide real-time data analysis 

and response, which is crucial for efficient water management.

Scalability, Data Consistency, Cost, Time-Consuming, 

Human Error, Efficiency, etc.

Mathematical methods can automate these processes 

and improve the effectiveness of water management systems.

17
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Case Study
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Data PreprocessingData Preprocessing
● Data cleaning

● Data smoothing
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Water Management Data July 9th-21nd

a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level
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Cleaned Data

a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

21



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

The Hodrick-Prescott Trend Filter

22



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

The Hodrick-Prescott Trend Filter
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Gate Operation Identification
● Level Shift Detection
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Sliding Window Level Shift Detection
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Z(t1 )   

Sliding Window Level Shift Detection
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Z(t2 )   
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Sliding Window Level Shift Detection
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Z(t3 )   

Sliding Window Level Shift Detection
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Z(t4 )   

Sliding Window Level Shift Detection
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Z(t1 )   Z(t2 )   Z(t3 )   Z(t4 )   

Sliding Window Level Shift Detection
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a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

Estimating Gate Operated
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a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

Estimating Gate Operated

32



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

Estimating Gate Operated
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Water Shortage/Surplus Identification
● Derivative Methods

34
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program

・Derivative

・Value

They might have done.

List of water shortage.

35

Identify water shortages by using derivative 
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program

・Derivative

・Value

They might have done.

Identify water surpluses by using derivative 

List of water surpluses.
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Gate Operation Classification
● Clustering

● Shortage identification

● Neural Network
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Why clustering?

We want to know if this operation was scheduled or in response to a 

shortage or surplus

38

a1 flow rate

b1 flow rate

c1 flow rate



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

Why clustering?

● Find patterns before and after gate operations.

39

a1 flow rate

b1 flow rate

c1 flow rate
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Why clustering?

● Find patterns before and after gate operations.

● Understand why a gate was operated and its effects.

40

a1 flow rate

b1 flow rate

c1 flow rate

?
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Why clustering?

● Find patterns before and after gate operations.

● Understand why a gate was operated and its effects.

● Given future data, identify cluster and recommend gate operation.

41

a1 flow rate

b1 flow rate

c1 flow rate

?



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

Unlabeled data:

Water 

measurements, 

features derived 

from curve

Labeled clusters:

Gate operation 

causes, water 

shortages, other 

patterns

Cluster algorithm:

k-means or other

# Clusters? 

Use silhouette 

score, 

knowledge

42

Clustering Process = medoid
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Feature Clustering

…

...
...
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Feature Clustering

44

Date Cluster

06/02 0

06/02 2

06/03 2

06/04 2

06/29 5

07/12 0

07/18 0

08/10 1

08/11 1

08/12 3

08/12 6

...

…
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Univariate Clustering
a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level
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Univariate Clustering
a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level
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Univariate Clustering
a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

Date Site Slope Mean

07/08 8:10 a1 0.367 -0.364

07/08 8:10 b1 -1.643 -0.772

07/08 8:10 c1 1.348 -0.285

07/08 8:10 d1 -0.366 0.429

07/08 8:10 d2 1.026 1.714
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Univariate Clustering

Time Site Cluster

07/08 8:10 a1 0

07/08 8:10 b1 0

07/08 8:10 c1 0

07/08 8:10 d1 0

07/08 8:10 d2 0
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Univariate Clustering

Date Facility a1 FR b1 FR c1 FR d1 WL d2 WL

06/02 A 0 0 0 0 0

06/02 D 2 2 0 0 0

06/03 A 2 2 2 0 2

06/04 C 3 3 3 0 3

06/29 D 0 0 0 0 2

07/12 D 0 0 0 0 0

07/18 A 0 0 0 0 0

08/10 D 0 1 1 1 1

08/11 A 0 1 1 1 1

08/12 B 1 1 3 3 3

08/12 D 1 3 3 3 3
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Univariate Clustering

Date Facility a1 FR b1 FR c1 FR d1 WL d2 WL

06/02 A 0 0 0 0 0

06/02 D 2 2 0 0 0

06/03 A 2 2 2 0 2

06/04 C 3 3 3 0 3

06/29 D 0 0 0 0 2

07/12 D 0 0 0 0 0

07/18 A 0 0 0 0 0

08/10 D 0 1 1 1 1

08/11 A 0 1 1 1 1

08/12 B 1 1 3 3 3

08/12 D 1 3 3 3 3
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Univariate Clustering

Date Facility a1 FR b1 FR c1 FR d1 WL d2 WL

06/02 A 0 0 0 0 0

06/02 D 2 2 0 0 0

06/03 A 2 2 2 0 2

06/04 C 3 3 3 0 3

06/29 D 0 0 0 0 2

07/12 D 0 0 0 0 0

07/18 A 0 0 0 0 0

08/10 D 0 1 1 1 1

08/11 A 0 1 1 1 1

08/12 B 1 1 3 3 3

08/12 D 1 3 3 3 3
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Univariate Clustering

Date Facility a1 FR b1 FR c1 FR d1 WL d2 WL

06/02 A 0 0 0 0 0

06/02 D 2 2 0 0 0

06/03 A 2 2 2 0 2

06/04 C 3 3 3 0 3

06/29 D 0 0 0 0 2

07/12 D 0 0 0 0 0

07/18 A 0 0 0 0 0

08/10 D 0 1 1 1 1

08/11 A 0 1 1 1 1

08/12 B 1 1 3 3 3

08/12 D 1 3 3 3 3

52



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

Univariate Clustering

Date Facility a1 FR b1 FR c1 FR d1 WL d2 WL Cluster

06/02 A 0 0 0 0 0 0

06/02 D 2 2 0 0 0 2

06/03 A 2 2 2 0 2 2

06/04 C 3 3 3 0 3 2

06/29 D 0 0 0 0 2 5

07/12 D 0 0 0 0 0 0

07/18 A 0 0 0 0 0 0

08/10 D 0 1 1 1 1 1

08/11 A 0 1 1 1 1 1

08/12 B 1 1 3 3 3 3

08/12 D 1 3 3 3 3 6
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Univariate Clustering

Date Facility a1 FR b1 FR c1 FR d1 WL d2 WL Cluster Shortage

06/02 A 0 0 0 0 0 0 F

06/02 D 2 2 0 0 0 2 F

06/03 A 2 2 2 0 2 2 T

06/04 C 3 3 3 0 3 2 F

06/29 D 0 0 0 0 2 5 F

07/12 D 0 0 0 0 0 0 T

07/18 A 0 0 0 0 0 0 F

08/10 D 0 1 1 1 1 1 F

08/11 A 0 1 1 1 1 1 T

08/12 B 1 1 3 3 3 3 F

08/12 D 1 3 3 3 3 6 F
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Neural Network; Flow

a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

● Reason of using

○ To know 

relationship 

between gates 

Input data Output data Result

+label

Probability 

vector

Label

55



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

Caption; 1 segment is 3 day. Every 1 day shifted 

Neural Network; Prepare data (example) 

Picture here.
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Caption; 1 segment is 3 day. Every 1 day shifted 

Neural Network; Prepare data (example) 

Picture here.

57

Reason of this method is

that shortage is slow change.
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Neural Network; Prepare data (example)

a1 flow rate

b1 flow rate

c1 flow rate

d1 water level

d2 water level

How to label

● Label type 

○ Shortage

○ Surplus

○ Normal

○ D is not operated

○ Others

2023-07-16

Normal 

definition?

Normal: 

Gate D is operated, 

but reason is unknown.

58
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No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

Neural Network; Prepare data ●

●

●

●

Normal 

definition?

Original data

a1_FlowRate

a1_WaterLevel

b1_FlowRate

c1_FlowRate

d1_FlowRate

d1_WaterLevel

d2_WaterLevel

Create 
sequence

Labeling

(d1 label)

New data

Sequence 1

.

.

.

Sequence 165

59

Add scaling data, 

noise data

Add fewer 

labeled data

Using data

Sequence 1

.

.

.

.
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Neural Network; Loss function

Reason of using cross entropy: 

Cross entropy is suitable for classification task. 
60

Cross Entropy Mean - square - error (l2 - norm) 

Correct 90 perCorrect 95 per

Blue is good.
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Number of sequence 
meet conditions 

Picture here.

3

6

13

3

7 9 10 112

1

1
Model classification

61
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n
 

a1,b1,c1,d1,d2 data

Total 7 data

Target is “New data” 

Neural Network (Confusion Matrix) Correct 83 per
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Picture here.

3

6

13

3

11

1

1

57 7 9
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Except b1_FlowRate

Model classification

M
a

n
u

a
l 
c
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s
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a
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n
 

Correct 82 per

Similar 

to the previous matrix

b1 is not relationship?

Neural Network (Confusion Matrix)
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Identify Data Trends
● Segmenting Time Series

● Multivariate Analysis

● VAR-LiNGAM
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Feature Clustering at 1 Location

Feature 

vector

Why? Segment 1 time series into similar clusters to find trends at that 

location.
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Feature Clustering at 1 Location

Start of 

rainy 

season

Rice 

harvest

Image from shutterstock
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Multivariate Clustering

Why? Segment system into 

similar clusters to find trends in 

the whole canal.
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Multivariate Clustering

67



No unauthorized reproductionCopyright © 2024 IHI Corporation and Tohoku University  All Rights Reserved.

Why? Find changes in the usual 

relationship between 

measurements at different 

locations.

68

Multivariate Outlier Detection
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New information: start and end of event

Multivariate Outlier Detection
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VARLiNGAM  

Let’s evaluate the effect of each gate!
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VARLiNGAM 

Let’s evaluate the effect of each gate!

71

a1_FlowRate(t)

b1_FlowRate(t)

c1_FlowRate(t)

・
・
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VARLiNGAM  

72

・
・
・
・
・
・

・
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・
・
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VARLiNGAM   

Can we estimate each effects ?

Data: 2023/7/1 0:00 ~ 2023/7/28 23:50

73

d1(t) d1(t-7)d1(t-6)d1(t-1)

0.478

1.030

-0.503

good

We picked effects on d1 which happens 

more than 80 percent of whole period.
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Obtain List of Gate Operations

Conclusion

Level Shift Detection Matching Level Shifts

Obtain List of Water Shortages Derivative Methods

Classify Gate Operations Neural NetworkShortage Identification Clustering

Identify Trends VAR-LiNGAM

75

Multivariate Analysis
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Obtain List of Gate Operations

Conclusion

Obtain List of Water Shortages

Classify Gate Operations

Identify Trends

76

Provide gate 

operators with the 

status of irrigation 

canals at a glance
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Thank you to IHI and G-RIPS!

77

Photographed during a site visit 

on July 19, 2024.
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Thank you for listening!

Questions?
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