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Paddy Irrigation in Taiwan
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Paddy Irrigation in Taiwan
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Agricultural Water Use

* Agricultural water consumption accounts
for 62.4% of the total water use in Taiwan

* The largest percentage of agricultural water
use 1s paddy field irrigation

* One of the major concern of water saving
in Taiwan 1s to improve the water use
efficiency of paddy fields
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Irrigation Systems

* Irrigation water supply and operation
practice are divided into two
consecutive systems 1n general:

» water delivery of off-farm channel
system, and

* field irrigation of on-farm ditch system

Water
sources

v

[ channel system }

* Turnouts

Field ditch
system
[ Paddy fields }
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[rrigation System

Off-farm
channel system

On-farm
ditch system
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Goal of Conveyance Water Management

* Water delivery channel
system: Reduce water
discharge error of
channels

* Operators: professional
official of irrigation
management office

* control the opennings of
check and intake gates
from diversion weir till
last turnouts, to keep
accurate water discharge
in all channels

—_
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Goal of Field Irrigation Water Management

* Field irrigation ditch
system: Reduce water
losses 1n field

* Irrigator: Farmer

* mostly old man, more
than 70 years old 1n
average (2016)

 distribute water based
on experience

* need to precisely
allocate required water
to different fields

H—————mmmmE
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Smart Management of
Paddy Irrigation
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Off-farm System: Water Delivery channels
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Flow Control Devices of Trunk channel
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Intelligent Management Platform
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water surface(Discharge) Observation System

- e

Lateral: NGT
Weir or Check
Water surface South Trunk 0.339 m (H30)
. South Main Trunk
Gate Opening 5 cm I:> — H30
Water surface NGT Lateral  0.211 m (H31) ( i 2 -7;@ -
Actual Discharge 0.041 cmMs(ZEZE) Intake \
. . water surface
Pre-assigned Discharge  ().045 cms senso
. H31 :
Power NBifl%:  4Gifgs  Warnng Lateral: NGT s

- [ P & RATET

— n—



TR Veren weex : :
water surface (Discharge) Observation
System

Legend Lateral: LPY N23.23523, E120.36879
Station 03+657(%)
S | Sensor
m | Meter North Main Trunk
Rating Flow Direction -§-
C | Camera T

- Opening T 2

E Light Control Panal and 35 M water surface
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Video and Camera

SOS 201151 T

MOV £
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Gate Opening Measurement

2022/10/19 17
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Automatic Control of Gates

2022/10/19
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Operation of Intake and Check Gates

* Discharge error will cause 1rrigation water of some channels exceed
the demands, and eventually loses 1n the field

* Goal of the sluice gate operation 1s to release the “pre-assigned
discharge” as close as possible and reduce the discharge error

* Operation in-site 1s based on experience currently

 “correct” channel discharge 1s accomplished by iteratively manually fine-
tuning the opening of gates several times

19



WA/ TAIWAN INT'L
TIW WATER WEEK

Gate Operation (Phase 1)

* Non-submerged at all upstream fully opened gates
G3
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Gate Operation (Phase 1I)

* h, > 0.6 H,, open intake gate 6

G; * May be submerged at gate 5, Non-

submerged at gate 3
GS
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Gate Operation (Phase 11I)

* h% > 0.6 HY, , open intake gate 4

G, * May be submerged at all upstream
d gates
GS
2, v h’; v
hP G,
— h, hV, : AV
\Qs hg H,

Q4
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Gate Operation (Phase IV)

« hY; > 0.6 HY;, open intake gate 2

* Submerged at all upstream gates

G,
AVA G,
A
' hD3Q3 W, . G,

-~ h4 Y

Q, x Y \Q5 hg H,
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Gate Operation (Phase V) — Steady State

* Intake gate 2, 4 and 6 opened

G, * Submerged at all upstream gates
EL.I
— G;
Q HY, EL.II
—4 h - ; ‘
2 h°, HU
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\ h4 4
\/
Q2 \QS h6 H7
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Discharge Computation and Gate Control

* Flow computation with observed water surface and gate opening
* Discharge of weir, sluice gate
* Normal flow discharge
* Backwater flow profile
* Check continuity of water and discharge error, etc.

* Modify the “pre-assigned discharge with discharge error
* Compute gate opening with modified discharge and flow profile

* Site operation to fine tune the gate opening

25
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Benetits and Conclusion

* Save man power and operation time of fine tuning the gate opening, at
least 12 hours

* Percentage of discharge error 1s reduced compared to the case of initial
gate opening
 error of the Madou lateral decreased from 10.8% to 1.9%, a decrease of 8.9%
e error of the Shanhua lateral decreased from 15.6% to 7.4%, a decrease of 8.2%
* initial opening may be set up by referring the simulated steady flow condition

* Smart management with remote control can reduce the discharge error
and improve the overall water distribution efficiency

26
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Smart Management of
channel Water Delivery



T TAIWAN INT'L
W7 WATER WEEK

On-Farm Ditch System & Irrigation Practice

System losses
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Water Save Measures of Paddy Irrigation .

e Normal

SCaASOn Normal Season

* SaVC Data transmission

Irrigation
Water by ultrasonic water

status

reduclng evaporation surface sensor |.nlie||igent
ON decision system

water
losses 1n
drainage
ditches

on the cloud

irrigation ditch

111111

frame leakage ¥ drainage ditch

ponding depth (3CM)
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Water Save Measures of Paddy Irrigation .-

. - =
Raining Raining Season
SCASON |
° Stop e Data transmission
. o R |rr|gation :l.-.liil.l..
1rrigation status | .
. B | ultrasonic water
real-time surface sensor Intelligent
to save decision system
water 1n
reservoir

irrigation ditch

drainage ditch
ponding depth (3CM)}
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Smart Field Irrigation Management

( %8 7K B 5 i » FgRIEE > JKBE LEHERAPY > ARUKEESRIR > WEEFRKWE reCISe
Water loss Eﬁﬁﬁﬁ;; ) R irrjgation
* Large scale paddy  detection 1 j 3%1 "
field experiment 2
ED wmEEe
1.3P9E#)E 1 EEF?%/J\%@K%*&#&K;?‘&ER RAHBKESEEYE
o Integrate Weather % 2. HKBEBEL 2.?@3&'2@?%%*%%{&%-ﬂﬂﬂﬁ%"é?f*ﬁ%ﬁ&%-ﬂ%ﬁﬁ%*ﬂﬁ"
BE 3. MEIKBBRIGIGRKNMIA S RORIRRE 3. MEIEKIHKBRERIIEMABKPIRIE  BREHEATIERE -
forecast, water !

sensors, 10T, cloud = A ﬁ*p & &@mmwm ((( p: B
computing, gate & =
control, etc.

T “

*e| JoT Gateway



WA/ TAIWAN INT'L
TIW WATER WEEK

Framework of Smart Management System

-~ W - ™

Loss of frame  Weather factors Optimization of Ditch irrigation Fa;rc’? i'rr;?:;ﬁn
optimization requir
leakage analyze gate/valve control p ectimation

Big Data  Security = i; .

ation analyzatlon PC/ Mobile
surveillance

(olar energy generation /

loT Gateway \
Energy storage NBIOT/CAT-M1 C NBIOT/CAT-M1
—\ onverter

Soil moisture  Ultrasonic tDltchgate VaIve 1§rol
content sensor water control .

(Modified from Dr. Shen
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3. Cloud
Platform and
Application

2.
Network

- 1. Sensors
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Study of the Smart Field Irrigation

* Purpose * Plan framework
* Optimization of the irrigation * Experiment:
requirement to avoid the over- e set up the irri
1rr1gaF10n e farm irri
: Intelh%er%t I}le}bnalgemetﬁt to reduce the « Develop:
00X AL 0L g (OB A AMASE LIS (R B * sensor, equipment/components with
e To do * acceptable agCuracy
* Building a cloud System for f"eather I
monitoring the irrigation fields p W o7
* Transmit the device data to the cloud rospeciuEel
and 1ntegrate the blg data and Smart s Ce.n}tlral lntelllgent management System,
decision logic to control the devices wit . .
.  real-time status monitoring
° Expectatlon * intelligent decision making
e Farm irrigator can carry out the * mobile remote control

irrigation plan more efficiently

33
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Experiment Site

* Four year periods
2017: 56/45 ha
2018: 88/67 ha

* 2019: 130/93 ha
* 2020: 170/114 ha
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First Year Experimental Site

System losses & s
* 56 hectares
 Field ditches
* irrigation (red line)
* drainage (blue line)
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Devices

water surface
sensor

field water level
sensor

soil moisture
content sensor

weather station
sensor

ditch check gate
and valve

e
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Intake Sluice Gate

 Cost down from
NTS$465K down to
$200K

e Reduce 43%
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Division Box

e Cost down from150K down to 145K
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water surface sensors

Year 2017 2018 2019 2020 2020
Type Ultrasonic Ultrasonic Radar Resistent Ultrasonic
Picture
Site
Power 0.5W 0.001W 0.0005W 0.5W 0.075wW
Cost $50,000 $35,000 $25,000 $25,000 $25,000

Power is 1/6 of 2017

50% cost down
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Paddy Inlet
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Field Plan - Communication

NB-lot
Commpication

NB-IoT
A

(Modified from Dr. Sheng-F
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Communication

2017

2018

2019

2020

2020

R

LoRa

NBloT

NBloT/CatM1

NBloT/CatM1

Sub-GHz Mesh

Picture
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Intelligent Decision Platform

* Manager Bl ey i ‘ 3o ﬁié&%ﬁﬂ#lﬁ 10]/09/820:10:33 i
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Monitoring Interfaces
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Decision Platform — Device status

le TAIWAN INT'L

Irrigation ditch: Paddy field:

« Water Level

« Soil moisture content sensor
« Field water level

Estimated water flow

ReHPERE ¢ FEEIEIRA_2 > JRkEH1-1 > 2k EHT-1
ZeskI{7] BEREASRS ¢ 2017/09/11 11:07:56
18 EATRE LB
NO:1 33.274(cm) T I=E
=S 26.531(cms) Z78 E i SReE
T IERF 5 1.237(cb)
TR TET2 1.621(cb)
e fiz &t 3.020(cm)
Dry field:
Soil moisture content sensor Paddy field: Check Val
BIER: addy rieid: eck valve
#iE HATRE ZHIER:
figE Nt 4.006(cb) i HAGE i Bk
g2 26.538(cb) 412 REIRSRA OFF
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Decision Platform — Statistical Report

Ditch estimated water flow report
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Decision Platform — Alarm Management

When the water surfaceis higher than the threshold, it will send

the message to the alarm group
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Intelligent Irrigation Decision

g | -

[ RS ¢ 2017/09/12 12:54:03 |

* Expert decision:

recommend the i S ‘ i A
required irrigation . 25 Gy e
water and distribution [t oo
based on observed R frem 71
water losses, by e

. . . BN KAz (cm) 28.10
* monitoring ditch water  [itsiiicns 0.1
0 iafi(14)
surfaceand estimate Bk om 1953 EL B
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water flow PHINEALIR, =" s
* controlling the opening

of gates and valves
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Project Demand Water SaVingS

15t crop season 13K m3/ha
2"d crop season 14K m3/ha

Irrigator Aspect

20~25% for 1st season
25~30% for 2"d season

System Management
3% more for 15t season

6% more for 2"d season

P80 58

1.2
1.1 4

13 'On Mal)

1.0+ R kB CORIE 80

Save more

)

KR@E 2 A

Water saving due to
Enhanced Irrigation management
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Project Vision




T Ve
Project Vision
dry field is under standard,

Farm irrigator suggest to increase the Intelligent Decision
69 years old opening percentage of the System
i ——— ditch gate, estimate to I |
| e
close in ¢ N TR

Soil Moisture content of

No problem

After one day.....

paddy field water height
average rises, suggest to
close water ditch gate.

Does not have to work at the

, even people in my
age can easily qualify and
expert the job with this system
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Project Vision

* Precisely control the water distribution, swiftly react, reduce the work
load of farm 1rrigator

* Base on the ditch and crop 1rrigation requirement, to provide
optimized 1rrigation plan for the farm irrigator, to help them taking rest
in ordinary schedule

* Develop low-cost flow valves, water surface sensor for future mass
promotion

52
(Cited from Dr. Sheng-Feng
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Conclusions

* Smart irrigation management can greatly improve the water
distribution efficiency of irrigation and reduce field water losses

» promote the feasibility of agricultural water saving

e Saved water can be transferred to Tainan Science Based Industrial
Park

* agriculture and industry are not necessarily to compete for water, but
collaborate to save water (win-win situation)

* A solution to climate change and extreme weather condition?

* Smart 1rrigation need to balance the water savings and costs

(Cited from Dr. Chih-Hung 54
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Question and Recommendation



Climate smart agriculture with innovative geodata tools

13t October, Jonna van Opstal
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Intro

® Agricultural Water Management Expert

® >10 years experience in irrigation and
remote sensing in USA, Middle East,
African continent

® Research, consultancy, and capacity
building activities with FAO, IHE Delft,
and Dutch embassies
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Geodata (tools)

LEGEND

@ Actual EvapoTranspiration

Satellite data products L

s

$ Year 2021
Value 1,533.2
Unit mm
Lat, Lon 29.3713, 30.8622

Apps / Tools

g
i

Flying 'Sensors -




Why use geodata tools?

What is needed to improve agricultural water productivity in Egypt? (max.3)

" Fill knowledge / data gaps

Access to innovative technologies

SU—— ® Agricultural water manager:
Training or advisory services _ ® Impact at field and regional Scale

L R —

7 varesnscrioncen. || v * Monitoring water balance and
- consumption

—
I e

Better equipment

" Challenges:
* Knowledge transfer

* Is it worth investing €€ and time?

WAGENINGEN

UNIVERSITY & RESEARCH



Practical Applications




Irrigation advisory — Field uniformity

wil Vodafone EG = @ 78% -

>

Daily Irrigation Bulletin ~ 1/3

Thursday, 08 July 2021

Graphs - BioOasisFS

Sail Type:
Imigation Type.
Field Details
08 09
230 -
Vegetation Cover 36.8% -
Threshoid Area Requiring Iigation | 40% -
Area Requiring Imigation 0.0%
Imigation Need | = NO
Area Over-Iigated 00% -
Min Advised Water | = 0.0 mm/d
Max Advised Water : 0.0 mmvd
Time Until Next Iigation | = 4 days
Irrigation Map
Urgent Irrigation
Irrigation
No Irrigation

Over-Wetted

IrriWatch &!

Management strateqy:
adjust location of sprinklers

WAGENINGEN
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Irrigation advisory - Optimizing irrigation

—

! xtl‘r) ,‘

'—'r"-

Pixel: Vegetation Cover (%)

o0.00

19.80
39.60
59.40
79.20

99.00 |l

Pixel: Vegetation Cover (%)

Pivot NO.12

Planting Date: 15.Sept.21
Crop Age-Day: 82

Crop: SugerBeet

WAGENINGEN

UNIVERSITY & RESEARCH

e
\vA\vA\WﬂgC N
ﬁ‘vﬁiﬁ

0.50 [l

20.20

Management strateqgy:
adjustment of pivot speed




Drone imagery - Problem detection

Management strateqy:
locate clogged driplines

WAGENINGEN

UNIVERSITY & RESEARCH



Real Water Savings - Monitoring water balance

Theme Category Intervention

\\TY/ Food and Agriculture
Q ﬁ Organization of the s Water On-field irrigation method Border/furrow irrigation
United Nations

Sprinkler irrigation

Drip irrigation

Guidance on realizing real Sub-surface irrgation
water savings with crop water On-field irigation mar Jemental iigation
productivity inter i Regulated deficit irrigation

Surge irrigation

Alternate wetting and drying

Irrigation infrastructure Canal lining
Pipes Agronomy Supplements Fertilizers

Moisture recycling Greenhouse Growth enhancers
Hydroponics Crop selection Crop rotation

Soil and Land Tillage Soil and Land Zero tillage Cultivars: high yields

Tillage Cultivars: short duration

Land grading Field levelling Cultivars: rooting depth
Terracing Timing of planting / sowing
Block-end or soil bunds Planting density

Coverage Mulching
Shading

Weed control

Cover crops

Disease control Pesticides
Biological
Salinity management Leaching

FutureWater

Salt-tolerant crop types

WAGENINGEN

UNIVERSITY & RESEARCH



Real Water Savings - Monitoring water balance
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Drought monitoring in the Netherlands

Trendgrafiek Neerslagtekort volgens KNMI definitie 51.5303, 5.7343 . Gl ﬁ

Geselecteerde periode
200 ,," ----- Referentie neerslagtekort 1976
A [T Referentie neerslagtekort 2018

————— Referentie neerslagtekort mediaan

150

Neerslagtekort volgens KNMI definitie [mm]

Apr 10 Apr 24 May 8 May 22 Jun 5 Jun 19
2022

Datum
v prurn
uitoburge

Notbate
H{h} Mork )/

- Westmup'sterlgnd
-

Regierungsbezirk
Arnsberg
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From innovation to practice

= Who will use the apps / tools? / ‘

" Make tools simple, practical, context-specific pollcy @reseamh
" Demonstration of tools in Field Schools )
= Understand : f\{D ﬁﬂ\?
= Interpret | practlce
= Believe s o
= Adopt

WAGENINGEN
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Key points

" Netherlands is data rich country with many innovative (geodata)
platforms available

" (Future) water challenges: too much, too little, too salty

" Explore practical usability and benefits of innovations
and increase adoptability

WAGENINGEN
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Questions &
Discussion

Contact:

jonna.vanopstal@wur.nl

WAGENINGEN

UNIVERSITY & RESEARCH
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Expanding Irrigation Services by
Technological Means

Chih-Hung Tan, PhD
Technology Director
Agricultural Engineering Research Center

International Forum 2022




TINAS witer weex _
- Introduction
® Agricultural water consumption near 70%
® [rrigation authority restructured in 2020
® Expanding irrigation services
® 360k ha to 680k ha with limited water

resources
® Mission impossible?
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UAV sensing

Q) \ Gate water level sensing
,\

and remote control (\

Field sensors

(1)

Water tanks
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Precision Irrigation Water

Requirement Assessment by
UAV and GIS
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Field data collection Tech — UAV
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Tl menne \farious data source and Al

Al &“EEE Satellite;image

interpretation
C

rop
identification

UAVforgDrone
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GIS cultivation management

[256.301.012 2,755,898 255 Mei =
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Crop type and cultivation area
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TN e e
GIS-based Irrigation water assessment

(&) Zaraiifl.sgd - SuperGIS Desktop V10.0.0008 - X

CfEFEE) &|E((E) RE(Y) ERS) TAO) #HiEW) =RE(H)

Ia=A ECIFIRNE P 4 15230 ~ |FR|@ 2 QO MMM [[EHe= @HEHIU-LHE D |alale - <]l =
RO @& M-|A-Acl|osXiwei -~ 10-|B Z USO-Z-A-I@-|[ 0 cMNZ-0 L H-QRBODE R EIEA GBS

&
=

1—‘__| j ~ JiE] 2 x
/\/\ E o ERE
= ™ con_Hukou_Dissolve
Sys
\ 110
} = O con_Hukou

[= ™ irr_Hukout_Dissolve
— Hifft
SYS
= 110
= ™ irr_Hukout

H M g—NEIHE
LANDCLASS3
[ rice
[ bamboo
[] Non-Crop
[ Fruit
[C] Mix-Forest
[ Vegetables
[ Wasteland
[ Miscellaneous Grains

EkEL

0 - 0.00001
@ 0.00001 - 0.00058120219
@ 0.000581202196 - 0.0008;
@ 0.000871803294 - 0.0011

.0.001162404392 -0.0014
= O rot_Hukou
([

= 0O reEsE
(|

< >
> RBus | [Werion
%5 1235, 105 iffrE]: 258525.667, 2753639.037 /4 KL




WA/ TAIWAN INT'L
TIW WATER WEEK

Crop water consumptlon on GIS
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System irrigation water requirement

Crop
identificatio
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Expanding Upland Crop
Areas by Smart Water
Control




TI% e Water resource conditions

® Elevation 550m — 750m

® a prominent independent hills and tablelands

® No watershed for surface water source

® Farmers used to dig wells and pump for irrigation
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Expand upland crop areas

GuoXing
County

DaYanDing s

Hechn
Township

Irrigation
Station




TS aree e Area and major crop

Dapindin Area 386 ha
Bei-liao Area 248 ha
Major Crops:

radish, bitter gourd, papaya,
passion fruit, and vegetables
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Smart water control system
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Expanding

experiences

® Water intake from up-stream by gravity
® Using surplus water from nearby canal
® Smart use of up and low reservoirs

® Precision water supply and control
® Expanding areas by high efficient irrigation




nwiss Concluding Remarks

Use sensing technologies, including hi-res satellites, UAYV,
mobile app, and ground sensors to collect field data
Use Al and GIS to identify crop types and areas

Use various water storage such as ponds, reservoirs, and
water tanks to keep rainwater

Use pressurized pipeline to deliver irrigation water

Use cloud-top computing to decide the
best irrigation strategy, so as to expand
the irrigation services efficiently.
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Thank You




