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Taiwan's Annual Precipitation Characteristics

Annual average precipitation is 2500 mm
O Uneven spatial distribution

v Highest precipitation rate: : ’}j‘}f’u\
>8,000 mm (mountainous area) F\"J\/(;/d P p—— G i
v Lowest precipitation rate: ﬁ;’.j /r‘:>n— & |2 e
<1,200 mm (plains area) 4 <Z P3¢ ‘—‘»“’f ¥ |2 i
O Uneven temporal distribution =i 7 o i
v Distinct precipitation rate B0 2 46 8 0 1 ® R

between wet and dry periods v\
v Annual Precipitation
rate difference (>1,500 mm)

Annual average precipitation
in Taiwan (mm)
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Water Resource Allocation

Rainfall
93.8 billion m3

I
o 18% used
82 /O IOSt (12% from surface water,
(22% evaporated, 60% flow to sea)

6% groundwater)

| |

Reservoir River Groundwater
3.8 billion m3 (22%) || 7.7 billion m3 (45%) 5.6 billion m3 (33%)
| |

v
Total capacity : 1.9 billion m3 5
Annual supply  : 3.8 billionm: Total water consumption

17.1 billion m3
|

l 1 l

Domestic Industrial Agricultural
3.2 billion m3 (19%) 1.6 billion m3 (9%) 12.2 billion m3 (72%)




Water Supply Regions

18 water service regions are defined based on
the water use/supply system.
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Daily Monitoring & Early Warning
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Daily Monitoring & Early Warning

daily rainfall forecast
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No Typhoon in 2020

Avg. 3.5 typhoons/year in 1911-2020

Typhoon Paths in 2020

2020 - 20204 TAFIS R EBEE
19 §~0) - =0

EE '{‘g’i\/} -

Source: Central Weather Bureau

Typhoon Freq. / Year

About 3.5 typhoons / year

3 (1941, 1964, 2020)

37

4 Definition:
1.Typhoon center landing
2.With no center landing, but

cause disaster on land 7



Abnormal weather in 2020

In June 2020 - May 2021,
Taiwan recorded lowest precipitation rate (880 mm) since 1911.

PR (mm)
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(Data source: Prof. H.H. Hsu, Atmospheric Sciences, NTU)
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Early preparedness & response

2020.10.14
The Central
Emergency
Operation

Center

2020.10.1
TE] Drought
s emergency

response team
MOEA

® 2020.9.16
] Drought
B~ emergency

2020.7.13 Water allocation
Meeting



Analysis & Decisions

Estimation of Water Storage in Different Scenario

4000

3500

3000

2500

2000

1500

1000

500

0

Baoshan and Baoshan 2nd Reservoirs storage

actual water level
-------- preditct water level

""""
...........
oooo

100%

7H1H 8H1H 9H1H 10H1H 11H1H 12H1H 1H1H 2H1H 3H1H 4H1H 5H1H 6H1H 7H1H

Industrial Water -5% 1% -»» -1%
Non-Industrial -10% -20% -10%
Domestic Water (Pm11~Am5) (Pm10~Am6) All Day Low Pressure ~ o 7' A )

Low pressure Extend lower pressure Low pressure

10



Analysis & Decisions

Yellow Orange Red
Reduce water Reduce water Partitioned
pressure supply water supply

Supply water

in turns
u

< Fixed water

Phase 1 water rationing: supply
1. Lower water pressure at night and particular time l
2. Stop water for fountain, street washing, and

irrigating in governmental agencies. - Quantitative regular
N\ water supply
Phase 2 water rationing: according to follow
1. Stop water for fire hydrants testing etc. 1 pllileosli:it:lsti:al
2. Reduce water for: 2: Medical
(1)Water users over 1,000 m3/month (5~20%). 3. National defense

(except medical or public interests use) 4. Industrial and
(2)Swimming pool, car wash and sauna (20%). commercial
(3) All non-urgent water use. 5. Others




Gradually strengthen water reduction
measures and areas

No typhoons Less winter rain No spring rain

Consecutive Plum rain from typhoons can gradually
increase water supply and reduce drought risks.

Auc

10E58298 110£6868 1MoEeF78 11068228 10E6H308 1NoETH27E 10E8758
7 o2 ' o J P
LY - LB .-le ’
AEARSLANOE p LULY LR el ] [ a k : REBRMLEBHOR =",
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Joint Actions towards Extreme Droughts in Taiwan

All levels of governments and private sector organizations strive to
cooperate on fighting drought and stabilizing water supply.
> <

D Tiealth g~ %,@ m
¢/
? = R

MOEA COA CWB MND MOEST MOE MO'HW EPA  County (City)

0 9 e Government
[ ]

Save Allocate Find
water water water

F
‘LO EOO

) o
0D
& (@ S
5 f \E
Z S

4 )

Keep Water Stored in
L Reservoirs ) -




Save Water - Domestic/Industrial Sectors

Domestic Industrial Non- Non-
Water Water essential Industrial
uses Water
: BEHEMALEERONR 5 , 1
- ' oW pressure
i (Pm11~Amb5) - 5%

' < p = ey
Bhm RS T~
B " : GRS Yellow
mE - _

Extend lower pressure

L LI D (Pm10~Amé) -5~-7% Prohibited

@ﬁ

All Day -7~-15% Prohibited -10~-20%
Low Pressure

2 days off -15% Prohibited -20%
in a week

i

i
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Save Water- Agriculture

2020 Second Season Crop 2021 First Season Crop

Taoyuan 2365ha S - Taoyuan, 27,588ha

Hsinchue—2:598ha

Hsinchu , 3,586ha

Miaoli o 3132ha Miaoli . 2.840ha
Taichung 2,819ha | . — L
: Taichung ) (
NT$ 1.75 billion ¢ %/ NT$6.83billion < ! |
(~US$ 64million)is3 | (~US$ 245million),
compensated to ; compensated to “;
famers. /& ; famers. ’
[ ¥ o .r,'"/ |
Ty ﬁ 2/ Chianané2:38%ha_/, |
-," { ; » . \L X
Total area \ . Total area Kans
1 8,906ha W 75'9 3 3h a LY 2

15



Save water - Impact Reduction

Hospitals & clinics/schools/ Flood prevention & water A construction site
social welfare institutions saving volunteers help in Taichung provides water
InstaIIatlon of tanks people receive Water transport for industries

. . Providing Water cleansmg Dedicated citizen
Dispatchments of mobile Facilities Supports for communication line
water supply trucks in household & industrial sector To assists public for water

areas (from military) resources |nformat|on




Allocate water - Regional Allocation

Available water supply will be allocated to each region
based on its conditions.

o 1. The Feitsui Dam supports Ban-Xin area with max.
) N 840,000 ton daily
7 ‘Feitsui 2. The Shimen Dam supports Hsinchu with max.
(3) Shimen 225,000 ton daily
‘\ Baoshan 3. Hsinchu support Miaoli with max. 30,000 ton daily
ﬂ Yougheshan
6 Liyutan .TeCh'
ﬁ @ Hoshan 4. Liyutan supports Miaoli with max. 60,000 ton daily
5. Taichung supports Changhua with max. 80,000 ton daily
/ f 6. Yunlin supports Changhua with max. 50,000 ton daily
‘z La“tacvze:V'ta" 7. Yunlin supports Chiayi with max. 100,000 ton daily
@T enwen-Wushantou

Nanwha
A\ (1 0] 8. Tainan supports Chiayi with max. 20,000 ton daily
~ 9. Tainan supports Kaohsiung with max. 20,000 ton daily
10. The Nanhua-Kaoping connection pipe has max.
500,000 ton daily

17



Allocate water - Regional Allocation

« Taoyuan to Hsinchu interconnection
pipeline was completed ahead of schedule
in Feb. 2021 (originally to be June).

« Supply Hsinchu 200,000 tons/day, about
40% of the water demand.

« About 23 million tons was supplied, about
60% of the totally volume of the Reservoir.

4000 ~

3500

3000 -
Reservoir Empty without
Interconnection pipeline

2500 -

2000 -

1500 -
NS b oh o~ 1000 -
24/7 Construction Works "0 AN

0 T T T T >

RR R LR R
,\%\’ q?;» 0?;» '\9@'\, \/&;\, 0@\, @\' "?y 0?;\, &;\, %@\, &;, @;\’ Q?;\, g@\’ '&%\’

18



Find water - Emergency Water Supplies 1.0

e Nov. 2020 - Feb. 2021

+ Increase additional water supply of 780,000 ton/day
- Funding: NT$ 1.4 billion

Desalination
water

— Agricultural wastewater 13,000 ton/day

Groundwater Wells pond water treatment plants
64 ponds 65 plants 425,000

160 wells 2.09 million ton/day
340,000 ton/day ton/day

— Reuse water from

19



Find water - Emergency Water Supplies 2.0

« Plan 2.0 was completed in May, 2021

Increase to 764,000 ton/day (Original to be 168,000 ton/day)

« Funding: NT$ 4.92 billion

eEmergency interconnections with
nearby water utilities (+333,000 ton/day)

eGroundwater Wells (+229,000 ton/day)
eSubsurface Water (+50,000 ton/day)

eEmergency Desalination Water
(+15,000 ton/day)

eConstruction Site Dewatering System
Water Use (+67,000 ton/day)

eRiver downstream water pumping
back (+ tons/day 70,000 ton/day )

unit: kilo ton/day
20



Reducing Reservoir Discharge Rate

Water supply from reservoirs Water supply from reservoirs

2020/10 2021/5

unit: kilo-ton/day unit: kilo-ton/da 21



Water supply in turns

v" Period of exercise: 2021/4/6-2021/6/6

v Scope of exercise: North Miaoli, Taichung, north Changhua
(1.06 million households)

v" Method of exercise: 5-day per week supply

Taiwan Water Corp. map of temporary

supply stations Diagram of rotated supply by
zone in Taichung
- ?9-9 1 "7,.’
UM s i3
R D -.‘
P ! pes |\ oo
16 Q @Q ! /2‘?; anx
1~ © L8 Miaoli ga aon ke ‘
O™ Jirg BT S Sy WRE
= ] y -JJ of ‘
i ' "
ll i i LBE >
é{‘g = ° anm o
L,‘% %” RS ! mes Y
® _,,.;\e. St YT | _ Zone A Zone B
Changhua & ZONO L o il R = L e s R LA TS
Wy S TS eV o
Zone A Zone B
Customer T o = =
service: 1910 ue. - wec. ur. - T
0:00 - 24:00 0:00 - 24:00

22



Response to drought in Taichung - wells

G BPHEBRSSORRIUEATE

L L

anm
bl
o HFKERFH
A KFENFH@420)
A BRAKAFR|H430)
A PHATAFHEO)
12 18

210" BANE

26" 4mm Fgsse

HAFO60M

3CX5.5mm =@
93" Rt

H&EI6mM

86" 4mm FemEkE

WKERE 7 SHPsjik A
PEEEIRH(2/2)
0T RENRE e
AR RN A TR MOsER) | POREE 19852/ 2] |
............ wom
110545 185

- » Succesfully built 88 wells that have rich groundwater

supplies and located in the areas with low potential of
land subsidence.

' » Priority was given to areas near with water treatment

, plants or purification plants.

- » Priority was given to areas with good water quality
according to EPA, WRA, and surrounding work sites
data of groundwater quality test.

Anti-drought well at Anti-drought Anti-drought
Liyutan supply plant, well at Taichung well at Taichung
Taichung Central Park Central Park
Setup & drilling Drilling work Pilot run

equipment at night 23



Response to drought in Taichung-
Construction Site Well Point Groundwater Reclaimation

11 S|tes to prowde 100 000 ton/day

N lmport to the
»  IWater network
-

"J\‘ ]l

"“"-——
-

e Truck Intake AR

.\llllHllHl

Mobile Water Purification Import to the water
Facility network




Response to drought in Taichung
Hyporheic Flow

Hyporheic Flow in Wu River: 40,000 ton daily
~ A, PRt =N %
g

={aCE SHSCEer
BlakiE Rk ()

(9]
=
Q
<
oD
)
<
1]
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Response to drought in Taichung
Desalinated water

® 15,000 ton/day completed by 5/31
® Exchange water supply to nearby factory
(Dragon Steel) for tap water source, achieving

_ R the object of saving dam discharge
Moblle emergency
desallnatlon unlts

X
unlt

'-"-7 \"-‘*\w' 54 ¢
NG (Hmmln Cg e,

R g e 1ke]

Taichung
Port




Response to drought in Taichung
Reduce 0.56 million ton reservoir discharge

Water supply from reservoirs unit: ton/day
2020/10 1,450,000 ton/day  2021/5
9% ter Conservation 25%
RedUCEd ignal\Water Supply14%

890,000 ton/da

=

L3

y
W e el

Livut Techi |_|yutan Cren b e m Subsurface
lyutan ecni Techi Construction Water Desalination
Storage of Reservoir Storage of Reservoir Site Water
2020/10/7 2021/5/24 +780,000 +630,000 +40,000 +15,000

a5

27



Increasing Water Resources Flexibility
Construction

/

/

Increase
capacity
& storage

Regional
allocation

Zengwen Nanhua

Promoting
subsurface water

usage

\

Water / Wastewater
Purification plants

Management

/

Conservation
at catchments

Dam
dredging

Reducing tap
water leak

Technological
applications




Reservoir Sediment Dredging

Maximizing dredging process : excavation,
hydraulic dredge, hydraulic desilting tunnel.

As the results, the capacity of Shimen and
Zengwen Reservoir increased in 2020

~2016 2016~2020 A’y Techi Dam
1800 ® Desilting tunnel(under planning) =

hydraulic desilting tunnel

® Sluicing pipe (in operation)
® Desilting tunnel(2022)

[ Shimen Dam

| 1,522 -
E 510 the highest in record " [ Wushe Dam I REf Bn
n=_| . y 1< Desilting tunnel(2027) gaap
2 ' g Baiho Dam N
@ 1200 ® Desilting tunnel(in operation) B33
‘%. (_® Bypass Desilting tunnel(2023) ) m:@
T 0 ( Zengwen Dam AV
% ® PRO iprovement(in operation) B
% - . _® Desilting tunnel(in operation) ) =8
= O ittty el Nanhua Dam
< ® Sluicing tunnel (in operation)
E” 300 |

sediment transport pipe |

Hydraulic dredge vessel

O | 926F | O34 | OAFF | OS | O6E | O7F | OB | OO | 100%F | 101 | 1026F | 1036 | 1046F | 1056 | 1068 1074 108 | 109%| 1108 |
T |
Ir.m 479.0‘1 4372 { 440.9; 3624 : 4773 426.6 I 483‘2‘1 411 I 74?_3{ 510.3 1’437.311 543.8 T‘ 658.0 683.4; 520.0 ‘T 620.7 ‘r 903‘5; 987.7 “ 1,440. 1522 |

Accumulated dredging volume 140 million m3
( or 190 million m3 including hydraulic sluicing )

Riverine Disposal

29

Silt removal as part of river dredging



Dams Heightening

Zengwen dam gained 3 m in height and the capacity increased ~ 55
million tons.

Dam heightening also improves safety measures for environmental
disasters

O Baoshan 2nd Dam is heightened by 1.35m, increases capacity by 1.92 million m3
O

spaeeny

Nanhua Dam is heightened by 1.8m, increases capacity by 9.23 million m3
S

Heightened
overflow weir of
Nanhua Dam

+ 3 M 55 million ton increased

30



Enhancing Water Supply Allocation and Reservoir Connections

oniconanaion TG — North
&Under Promotion] 120 CMY SSSE s a @ Channeling water from Nanshi River to Shimen Dam
" ol @ ' (further increases 66.3 million ton/year in Shimen Dam)
041 @ ]lc\:lé)r:‘e)?ilrl‘c;ci:'::on @ Shimen Dam to Hsinchu primary pipe
bf' River (further increases support capacity for Hsinchu by 300,000 ton/day)
/'4 o
U
¢, g Bridges gaps in the central Central
: @ Liyutan supplies northward to Miaoli
“IT&SA*\~~_ - ’ (will be completed in 2024)
L 1;/\ @ Connecting pipe of Dajia River and Da-an River
P\ (will be completed in 2026)
Connecting pipe '© / © improvement pipe-connection from Taichung to Yunlin
between Tainan \ N\ :
T N Comidiogpeteree
\ Pingtung
South

€) Zengwen-Nanhua connection pipe
(will be completed in 2024)

@ Connection of Yunlin and Chianan Agriculture Canal
(increased irrigation in Chiayi and Tainan by 10M ton annually)

31



Promote more hyporheic flow
complying with locality

Potential development in Yuluo, Da-an, Wu, Zhuoshui and Kaoping Rivers

7 cases of hyporheic flow completed in past 4 years,
increasing water supplies around 505,000 ton/day

@Completed

@ Under constrution

@ Under Promotion

5 cases are under promotion :
1. Yuluo River (+40,000 ton/day)
2. Da-an River(+50,000 ton/day)
3. Wu River, 3 phase(+100,000 ton/day)
4. Zhuoshui River, 2" phase(+30,000 ton/day)
5. Laonong River (+100,000 ton/day)

R R R

32



Desalination and Reclaim Water

® Seawater desalination plants will adopt energy-saving production plan
which complement its water supply service with regional water
supply (rivers or dams). Water supply from dams and rivers will be
used in wet seasons, and water supply from desalinated water
plants will be used in dry seasons.

® 11 reclaim water plants — to achieve 289,000 ton/day in 2026

45,000 ton/day

d 2019 || 2021
Kaohsiung Tainan
Fongshanshi Yongkang
Reclaim plant Reclaim plant
8,000 ton/day

Kaohsiung

Linhai
Reclaim plant

i 33,000 ton/day ‘

Taoyuan, Hsinchu
Taichung, 8p|antsi
1 203,000 ton/day

|

EART —g BEKEFO :
ACM 2@mp )
KR ]
&C) B
AMD )

|

]

Hsinchu S ad=
Desalination
100,000 ton/day

Mailiao i ,\- ) )
Desalination / N, MR 4
100,000 ton/day‘r .

v%E |
L.r' },“g
Tainan \/
Desallnatlon

200,000 ton/day =
=

\\.,__;@ /
A UnderEIA

. Under
construction
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Water Supply Projects in an Arid Zone
of the Southwestern United States
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U.S. Bureau of Reclamation

North Dakota

Interior Region 5:
Missouri Basin

U.S. Department of the Interior agency I;gj
Established in 1902 in the 17 western United =  interior Region o
St ateS Columbia-Pacific Northwest

Idaho
Oregon

Largest wholesaler of water in U.S., providing / Irl_l

water to over 40 million people \
Provides water to irrigate 10 million acres of

. o < 7 | Interior Region 10: i
farmland, producing 60% of the nation’s \, Calfora-Great Bsin

South Dakota

Interior Region 7:
Upper Colorado Basin

Colorado

vegetables
Second largest producer of hydroelectric power, ﬁ\ N

\

— 0
Over 600 dams and reservoirs A (S|

. . olre Interior Region 8:
with 58 powerplants producing 40 billion KWH e Coiorado By

Includes Hoover, Davis, and Parker dams and
infrastructure for water delivery on the lower
Colorado River

\

Interior Region 6: ﬁ

—
e \\Arkansas—Rio Grande-Texas Gulf >

\_\/”‘\

Texas

=
AR




Phoenix Metro Area

« “The Valley of the Sun”

 Climate — June-September average high
temperatures ~ 40°¢c

Precipitation — 20.4 cm/yr
Population — 4.9 million (2019)

Rapid growth
 Third largest growth in US (2010-2019)

Per capita water use — 680 L/day
Water usage
 Agricultural, M&l, and Tribal

L 30
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Phoenix Water Supply

o Colorado River Basin

« Watershed - Colorado, Wyoming, and
Utah

Salt River Project

« Watershed - Northern and Eastern
Arizona

Phoenix Area Groundwater
Variety of Water Sources
* Increase reliability

Distribution/Delivery Systems
 Federal, state, and local ownership




Colorado River Basin

« 20.35 bcm/year of allocations

« 9.25 bcm to the Lower Basin States including
Arizona

« Approximately 19.7 bcm average annual
“natural flow”
« Inflows are highly variable year-to-year

« Current 22-year drought is among the driest
periods of last 1,200 years

« 74 bcm of storage (approximately four
times the annual average inflow)

« Colorado River water taken off river by
Central Arizona Project for use in Central
Arizona
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Central Arizona
Project
» Delivers Colorado River Water to o
federal, state, and local distribution i
Sys tems WLl o Préscott Camp.ve“:‘? Il
- Tribal, Agricultural, Municipal & G
Industrial uses A G
° 1°8 bcm/year Phoéniﬁetrz};&politazrea %
* 540 km length o

i 1

)5)*"3’5&’ 5
Tucson \
e 3

* 915 mrise
* 14 pumping plants
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Salt River Project

* Service Area - Phoenix
metropolitan area

 Watershed mountains of northern
and eastern Arizona

» 7 dams — Storage 2.8 bcm
« 270 groundwater wells

* 1,930 km of canals

* Conjunctively operated

* Deliveries 990 mcm year
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Phoenix Groundwater Supplies

* Regulated under 1980 Groundwater Management Act

* Established Active Management Areas
* In areas of high groundwater overdraft

* Limits new groundwater pumping

* Incentivizes storage of water underground
* Credits that are marketable and extractable




Water Supply Reliability

* Diverse Source Supplies
« Upper Colorado River Basin/Arizona
 Surface Water/Groundwater

* Groundwater storage incentivized

* Large storage volumes

 Colorado River/SRP reduce impacts of
drought

* Systems interconnections increase
flexibility — CAP = SRP

» Water leases/exchanges
 Shortage sharing

9




Evolving Water Management

 Continuing drought
 Colorado water delivery reductions
« 2022 Arizona - 632 mcm reduction
« Shortage sharing agreements

* New intersystem connections
* Wheeling of non-project water
 Canal capability projects

» Storage studies
 Restore lost capacity/create new capacity

* Transfers of mainstem Colorado River rights to central Arizona @

 Watershed Restoration
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Variability of Droughts in
Southern Africa

C.M.Tfwala, Irrigation and Soils Agronomist, Ubombo
Sugar Ltd



Introduction

* Drought - natural hazard that results from
below-normal precipitation -beyond a given
threshold over time - negatively affects

ecosystems and society in several ways
(Karavitis et al., 201 |; Van Loon, 2015)

» Better understanding of inter annual drought
occurrences - crucial for planning mitigation
and adaptation measures for agricultural
planning and water resources management



DROUGHT AND ARIDITY

Drought

Aridity

Water Scarcity:

Drought is a relative
deficit in a given area
compared to its
average or usual
water availability,
either in the form of
rainfall, river flow,
surface/ ground water
storages or due to
combination of these
for certain period of
time.

Thus drought is a
temporary
phenomenon.

Aridity refers to
persistently short
supply of water even
in normal
circumstances. It is a
climatic attribute of
the region. It applies
to the persistently
dry regions like arid
areas & deserts,
where, water is
always in short

supply.

it is a permanent
climatic feature of
the region

The water scarcity
refers to long-term
unsustainable use of

water resources,
which water
managers can
influence. Or in other
words, it is

associated to over
exploitation of water
resources when
demand for water is
more than its
availability.

Thus water scarcity
is a human induced
phenomenon.




« CASE STUDIES



Nationwide spatial and temporal

‘ variability of droughts in Eswatini:
1961-2018

(Published in Heliyon Journal, 2021)

C.M.Tfwala, A. Mengistu, E. Seyama, M.S. Mosia, B.
Mvubu, M. Mbingo, P. Dlamini



e Were to determine:

° i) the occurrence and severity of droughts

> ii) the frequency of occurrence of droughts
across the agro-ecological zones.
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* Two meteorological stations were

selected from different agro-
ecological zones

Monthly rainfall data for these met.
stations were sourced from the
Department of Meteorology

SPI, developed by Mckee et al. (1993)
was used, long-term precipitation
data is fitted to a probability
distribution function to transform it
into a normal distribution so that
the mean SPI = 0.



SPI classes (Guttman, 1999)

SPLvalie _______Ciassification

2.0 + Extremely wet
1.5to < 2.0 Very wet

1.0to < 1.5 Moderately wet
>-1.0to < 1.0 Near normal
-1.0to > -1.5 Moderately dry
-1.5to > -2.0 Severely dry

-2.0 and less Extremely dry



* A frequency analysis was carried out using
Python (Version 3.6)

* To calculate re-occurrences of drought
events of specific intensity over a period of
time in years using SPI index values



LS
0
>

e

.90

1

0

)

|
7
>
>
N
)
a'd

Nhlangano

v
c
c
a
c
)
2

O W0 O <

o X0 <
0O @O
Lod O @O0

SO O %

00 © O @ O
.4

©
@

0O
0O O <
OO
Ded> 0O o o

000 opooO

o <
AWOOO OO0

o ®oea
00O

<

OO B 0O

< 0
O 0O
o @O

o 00 O

0> O O
<

O O VWO
®» <
< <
O O 000000

o

<
O O OO
D WO

O Ao (000 OO

o o

% O 000
WWOO 0O

0 O

1dS syyuow 7

0¢0¢

010¢

000¢

Time in years

Time in years



12 months SPI

Results — SPI Middleveld
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Results — Frequency of re-occurrence

Mbabane Kubuta
0 g 0 3

10 20130 40 50 60 70 0 10 20 30 40
% -0.5 -0.5
(7]
= o
U | =3 -
£ s
£ %%o
o~ |5 -1.5

\ 2 A

) i ° -
_25 2.5 \



Conclusions

e Droughts have increased in prevalence and
severity post the year 2000, especially in the
dry areas (Lowveld), where (70%) of the
droughts occurred during this period.

* The frequency of droughts is higher in the dry
areas of the country compared to the high
rainfall areas. For instance extreme droughts
are expected every 21| years (Highveld), 14
years (Middleveld) and |3 years (Lowveld).



Drought dynamics and
Interannual Rainfall Variability on

the Ghaap Plateau, South Africa,
1918-2014

(Physics and Chemistry of the Earth,2018)

C.M.Tfwala, L.D. van Rensburg, R. Schall and P.
Dlamini



e The objective of this study was to
determine the occurrence and severity of

droughts in the Ghaap Plateau of South
Africa
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Conclusion

e Droughts have become more prevalent in the plateau post
1990, and a majority of them are moderate

Overall Recommendations for Adaptation

 Storage reservoirs to store water during times of
abundance (National Projects and Estate Plantations)

* Continuous improvement on the efficiency of irrigation to
improve water productivity

* Intensify on the early warning systems based on weather
forecasting

* Crop diversity with particular focus to drought tolerant
crops especially for the smallholder farmers on rainfed agric.
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Taiwan Towards Intelligent City

Flood Warning Systems

e 7

4

e 7
Li-Chiu Chang  ° 2

Professor, Department of Water Resources and Environmental Engineering

Director, Information Center for Water Environment

Tamkang University
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- Floods are a_n?)ng the most common and dead’ly natural disasters in the world.

o Study Motivation

« Urbanization reduces the concentration time of rainfall. Climate change accelerates
the hydrological cycle and causes rapidly rising peak flows.

* Flood disasters made great impacts on city development. Therefore a flood warning
system could be very beneficial to provide updated information for ensuring
adequate decisions could be made.

« Urban flood forecast is a crucial task in developed cities. Artificial Intelligence (Al)
provides a promising technique for flood forecasting.

2021/10/20 Information Center for Water Environment 2



o The Bottleneck of building Al smart city flood
mundatlon forecastlng systems

L ——
g——’_

S — —

1. The lack of observed data of historical events to provide the material for
building the ANN models.

« Using simulation models to generate a lot of events

2. Collecting and managing the flood inundation data need the higher
hardware requirements (computation and storage).

* High dimension(more than 100,000 grids)
 Massive volumes

« Rapid growth rate of data (one hour or shorter period)

3. The limits of Al in the cloud: @
« Cost @(«

 Non-present or unstable connection

 Huge data delivered through internet \ﬁ A

2021/10/20 Information Center for Water Environment a a 3



O Outline

e e — R
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Propose a novel methodology for nowcasting regional
flood inundation maps during heavy rain events.

Idea

1. Form a topology of inundation maps ([N

System

2. Continuously update the selected
map according to a forecasted
average inundated depth

2021/10/20 Information Center for Water Environment



O Characteristics of Regional Inundation Maps

ICWE
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* Flood inundation maps have two important characteristics:
spatial and temporal distribution

Influence of the spatial rainfall variability

Spatial

2021/10/20 Information Center for Water Environment 5



Q Methodology - Self-Organizing Map (SOM)

« SOM (to Classify the Spatial Distribution of Regional Flood Maps)

 Input Data: Flood inundation data
« Output Data: Flood inundation topological map

 Advantages
 To categorize regional inundation maps into a meaningful topological map
* To classify high-dimensional data.
» To generate within few seconds even in a large region

3X3
L axa

5X5

Flood inundation data

Train SOM model Flood m_undatlon
2021/10/20 Information Center for Water Environment topologlcal map



o Methodology- Recurrent-Nonlinear Autoregressive

Wnpw T =

R-NARX (to Forecast Time Series of Regional Flood Maps)

- Advantages
« RNARX is a powerful dynamic model for time series prediction

 The model is an alternative way to train and test the networks step-by-step in
real time without using real-time observed data

=0 gy
R..,-R;; of gaugel >
Re.1-R; of gauge2 >Q \ . Average

2 inundated
R, ;-R; of gauge3 Q \ depth (t+1)

3
Average inundated Q '
depth (t+1)

A Recurrent of model output | I

2021/10/20 Information Center for Water Environment 7. 5.



o Widespread Installation

of loT inundated sensors

ICWE
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* IoT sensor data can improve the multi-step forecast accuracy
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Adding loT sensor data as input
, factors can improve the model
o performance
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O Model Construction

— —— — T —

<= Forecasting Stage=9>

Rainfall (t)
L

V@O
— —
Rainfal (t-1) } @ -_‘:' @_. Total

I
| Rainfall (t-2)

¥ A ~a‘

] ﬁ Total inundated @ -
I
I

|
i |
|
|
|
|

volume (t+1)

________________

| Estimate the average

Flood inundation database || inundated depth of each

| watershed

I SOM

el

I

I

|

: Form an inundation

| topological map for each
Divide into 8 watersheds |  watershed

[

Refine total inundated
volume and convert into
flooded depths

Assemble the forecasted
inundation maps of all
watersheds

G Clustering Stage = ————) 4e=Adjusting Stage =P

2021/10/20 Information Center for Water Environment 9



antelllgent City Flood Warnlng Systems: Demonstratlon
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We proposes a hybrid SOM-RNARX methodology for nowcasting multi-
step-ahead regional flood inundation maps during typhoon events.

The proposed models are trained and tested based on a large number of
inundation data sets collected in Tainan City, Kaohsiung City, Taipei City,
Taoyuan City, Yilan County, Yunlin County, Chiayi City/County, Changhua
County, Pingtung County .

We also implemented the proposed system to the Kemamann River of
Malaysia.

In these study areas, the synthetic hydrographs of inundation depths are
generated by the 2-D flood simulation models. In Taiwan, we used the
SOBEK to simulate City flood inundation process. In Malaysia, they used
InfoWorks RS to generate the hydrographs of inundation depths of 8
events and some designed storm events

2021/10/20 Information Center for Water Environment 10



o Implementations -,

R

——— ew Taipei
. 20 Improvement of water information
monitoring sy and disaster

prevention in Taipei City

velopment of regional flood

inur  YiLan cfning system - a study case
n

3

2010 — The development of regional internal

flood inundation warning system - a study

case of Yilan County

2017 - Development and Application

. . . b
of an Intelligent Real-Time Dynamic N o
Regional Flood Inundatitie &Q\\}f\n\
Nowcasting Systg ] LA ?
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} £ i . £ 7 A\
2018 - Developmentarid Aps nof an £ Building an Early Flood Warning R 2 WA
. . \\\_ ) ‘u(", A
Intelligent Real-Time Dyng onal Flood Xlr(ti-fl?l,salsier Il’feventlo;1 SIZSt,em by i‘r/ ‘} ,‘.f‘“‘x,‘d
Inundation Nowcasting f /12) ificial Inte 1gence e'c niques e
_ for Kemaman River Basin A 4
(,/\—\\ > !_1
% v
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J Model Construction
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The Intelligent Flood
Warning System
(IFWS) automatically
detects, adjusts and

generates result files
and flood maps

Regional flood inundation maps

2021/10/20 Information Center for Water Environment 12



O Model Construction
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Bazhang Creek

Jishui Creek

Chiangchun Creek ° Tsengwen Creek
(North + South)

Luermen Creek

Erren Creek

Yenshui Creek

Tainan City contains eights watersheds

2021/10/20 Information Center for Water Environment 13
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O Study Area — Case 1

Tainan City, Taiwan
» 8 watersheds
* Inundation-prone region (665 km?)
 Atotal of 415,380 grids with a grid
resolution of 40 m x 40 m
» Data
« 330 designed events with

various return periods

2021/10/20 Information Center for Water Environment 14
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Results — R-NARX
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Simulated vs one-hour-ahead forecasted average
inundated depths in Luermen Creek Watershed

Simulated Average Flood Depth (m)

2021/10/20

Information Center for Water Environment

Simulated Average Flood Depth (m)
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Performance of 1- to 3-h-ahead forecasts of inundation
depths in each watershed by the R-NARX models

RZ

O Results — R-NARX

Watershed Time step

Training Validation Testing Training Validation Testing
T+1 0.068 0.113 0.075 0.78 0.89 0.48
Bazhang Creek T+2 0.076 0.127 0.077 0.79 0.94 0.44
T+3 0.075 0.127 0.076 0.77 0.96 0.41
T+1 0.018 0.013 0.032 0.96 0.97 0.52
Jishui Creek T+2 0.019 0.017 0.028 0.95 0.97 0.62
T+3 0.026 0.045 0.024 0.91 0.77 0.74
. T+1 0.019 0.021 0.021 0.98 0.92 0.86
Ch'gng‘:':“‘" T+2 0.022 0.02 0.019 0.97 0.92 0.87
—— T+3 0.02 0.023 0.023 0.98 0.93 0.86
T+1 0.031 0.031 0.018 0.90 0.88 0.85
Luermen Creek T+2 0.031 0.031 0.018 0.90 0.88 0.85
T+3 0.029 0.031 0.02 0.87 0.87 0.80
T+1 0.021 0.017 0.013 0.92 0.89 0.91
Yenshui Creek T+2 0.017 0.015 0.01 0.90 0.87 0.86
T+3 0.024 0.02 0.014 0.87 0.82 0.90
T+1 0.019 0.022 0.007 0.89 0.90 0.96
Erren Creek T+2 0.022 0.022 0.009 0.85 0.83 0.93
T+3 0.026 0.025 0.014 0.80 0.70 0.84
North T+1 0.033 0.023 0.024 0.85 0.74 0.79
T S T+2 0.038 0.024 0.029 0.84 0.71 0.69
peagwen T+3 0.038 0.023 0.032 0.82 0.73 0.62
Soah T+1 0.026 0.021 0.029 0.92 0.85 0.88
T S T+2 0.027 0.019 0.034 0.90 0.86 0.84
AT N T+3 0.031 0.02 0.042 0.87 0.87 0.77

2021/10/20 Information Center for Water Environment
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Q Results — SOM-R-NARX

= ———— —
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=B IK AR R
-
>2.5m
0.1m 0 Sm 1 Om 1 Sm 2 Sm
#of grlds 41483 14454 13401 8654 3654 1283

RMSE R? RMSE RMSE RMSE RMSE RMSE RMSE
035 08 013 018 037 065 106 179

0.35 0.83 0.13 0.18 0.37 0.65 1.06 1.79

T+3 0.3 0.83 0.12 0.16 0.32 0.56 0.91 1.55
T =34
41483 14437 13283 8693 3663 1371 36

3@ RMSE R? RMSE RMSE RMSE RMSE RMSE RMSE
T+1 0.34 083 012 017 037  0.63 1.01 1.75
T+2 0.34 083 012 017 037  0.63 1.01 1.75

[ T+3 [P 0.83 0.11 0.15 0.32 0.54 0.85 1.49
T=35

41483 14326 13255 8700 3704 1462 36
RMSE R? RMSE RMSE RMSE RMSE RMSE RMSE

T+1 0.33 0.82 0.11 0.16 0.36 0.6 0.95 1.7
T+2 0.33 0.82 0.11 0.16 0.36 0.6 0.95 1.7

0.28 0.82 0.1 0.15 0.31 0.52 0.81 1.46
41483 14506 13063 8620 3714 1546 34

RMSE R? RMSE RMSE RMSE RMSE RMSE RMSE
032 081 01l 016 036 059 091 165

0.32 0.81 0.11 0.16 0.36 0.59 0.91 1.65

0.27 0.81 0.1 0.15 0.3 0.5 0.76 1.37

“Forecasted Simuiated : Error

Om o 25m 0 25m -2mE—_—_—3 2m
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o Results Real-Time On-line Forecasting on Aug 23, 2018

m—— = . — — e
e S ——— — —_— e —
Aug 23 6PM forecasts 3h-ahead (Aug 23 9PM)
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| @ W Loved1-2m) me | 245 | 102 | 29 | 26 | 02 0 15.9
ey meeem & | 176 [ 133 | 45 | 27 [ 08 | 0 [ 213
BACBH: 2018/11/06 21:05 Map  Satelite g ST [zFE| 120 [ 57 | 16 | 11 | 02 0 86
nZs ] £ ZmEE | 409 | 15 85 | 62 | 12 | 01 31
e xEE | 389 | 112 [ 45 38 18 | 02 [ 215
AT 3 108 BCE| 191 | 29 | 05 | 03 | 01 0 3.8
e | 187 | 32 | 12 | 07 | 01 0 5.2
Sk R Z#EE| 237 | 18 | 05 | 04 | 01 0 28
FHEB| 333 | 02 | 01 0 04 0 07
o A& | 502 | 05 0.2 0.2 0.2 0.1 1.2
BEE ]| 121 | 01 0 0 0 0 0.1
C@e| 33 | 151 | 45 | 36 | 07 | 01 24
BEE | 182 | 08 | 02 | 01 0 0 11
EBEE| 0 0 0 0 0 0 0
.| [ EME]| 319 | 17 | 09 | 12 | 04 0 42
z figE | 385 | 145 | 7.9 9 3.8 03 [ 355
#8& | 305 | 15 | 42 | 25 | 04 0 22.1
) 0 124
3 | 01 | 377
WELL FORECAST! =+
; I | 05 | 613
03 69
J 0 6.3
BEEE | 166 8 17 | 05 0 0 10.2
Flood No Flood B9 | 149 | 09 | 02 | 02 0 0 13
FIIE | 2.85 1 05 | 04 0 0 1.9
<P 117 | 13 | 03 | 02 0 0 18
TE&| 339 | 256 9 8.5 2 01 | 452
Flood 29 97% 1 MEE| 223 | 33 | 1 | 08 | oL | 0 | 52
BkE | 498 | 14 | 44 | 46 | 17 | 02 | 249
=(&]| 259 | 71 | 32 | 49 | 16 0 168
No Flood 4 3 ARB | 224 | 13 | 02 | 02 | 02 0 19
Wre| 436 | 28 | 13 | 27 | 02 | 01 | 71
#me | 394 | 138 | 64 | 62 | 21 | 03 | 288
ZEE| 225 | 208 | 95 | 49 | 05 0 35.7
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o Resu|ts Real-Time On-line Forecasting on Aug 23, 2018
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No Flood

Al forecasts 3h-ahead (Aug 23 9PM) Report from residents on Aug 23 9PM
flooded area on Aug 23 6PM forecasts
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Q Study Area — Case 2
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Kemaman Basin, Malaysia

* Malaysia is situated in Southeast Asia. The annual precipitation ranges from
2,000 mm to 4,000 mm with the temperature ranging from 26 Cto 32°C.

 Kemaman basin, located on the east coast of the West Malaysia, is one of the
most frequent and serious flood regions in Malaysia.
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O Study Area — Case 2
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Data Description £ By &
Runoff gauging stations ' :
'!\
Station No. Year Open A
4131453 Apr-73
4232401 Dec-85 ¥
— River
4332401 May-86 -ty

M Runoff gauging station

Study area

Rainfall gauging stations

Station no. Duration ofdaily data
4131001 1/1/1986-9/9/2015
4232002 1/1/1986-9/9/2015
4232104 1/1/2003-9/9/2015
4234109 29/6/1970-9/9/2015
4332001 1/1/1986-9/9/2015
4333001 3/1/2003-9/9/2015
4333096 15/2/2006-9/9/2015
4231103 28/6/1970-9/9/2015 P,
4232001 2/1/2003-9/9/2015 B Basin U
3933001 1/1/1986-9/9/2015 | Study ares v S
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Events used for Hydrodynamic Modelling 4
(Real Events, 11,026 grids)

AT (A1) Accumulated [ Maximum
cvent | Beginning | Ending |42 il Koied
St. 4131453 |  St. 4232401 | St. 4332401 (mm) Depth(m)
2001/12/20, 05:00AM | 2001/12/27, 09:00 AM 172 731 814 84 453 1.70
2 2003/12/05, 12:00PM | 2003/12/12, 09:00 AM 165 554 433 183 396 1.67
2006/12/20, 02:15AM | 2006/12/26, 08:30 AM 150 534 207 87 268 1.48
4 2008/12/31, 19:30AM | 2009/01/08, 07:30 AM 180 478 487 96 390 1.74
2012/01/10, 07:15 AM | 2012/01/17, 04:00 PM 177 453 506 39 255 1.70
6 2012/12/13,12:15 AM | 2013/01/13, 00:00 AM 744 509 920 75 973 3.28
7 2013/11/28, 09:30 PM | 2013/12/06, 09:30 PM 192 745 1142 63 996 4.17
8 2014/12/13, 12:00PM | 2015/01/01, 04:00 PM 460 634 801 57 1653 3.35
2021/10/20 Information Center for Water Environment 22
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Model Construction
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R-NRAX models’ inputs settings to forecast the average
inundated depths (AID)

Forecastin Sg. Kemaman Sq. Cherul
Time-stepg Avgrage Rainfall Avergge Rainfall Flood Depth
T+1 T-2 T-> -
T+2 T-1 T-1 -
T+3 T T )
T+4 T T T+3 (forecast)

Model

Model (Designed Events)

Dataset
(Real Events) Return period (year) Accumulated rainfall in hours

100 12
Event 3 50 24
. . Event 5 20 48
Training Event 6 50 48
Event 7 20 72
100 72
20 12
Validation Eﬁﬂ: i 20 24
100 48
50 12
Testing Event 8 100 24
50 72




o Model Construction
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8 Events for modelling rainfall and average inu

Rainfall (mm)
(o]
S

Rainfall (mm)

mmm Rainfall (3 hours)
—— Average Inundation Depth 2.5

|.|| |||H‘|I
3 4

Time (day)
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6

R

3

2
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Time (day)
750 ™= Rainfall (3 hours)
7 —— Average lundation Depth
200
g
E 150
=
100
<
o~
50
0 |.|I I | ”
0 1 2 3 4
Time (day)
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Results

B

e

Clustering results of SOM

There are 365 data sets
(regional inundation
depths - 10,774 grids )
classified into the 16
neurons in the training
phase.

The 4 x 4 network is used
for producing the
clustering topology (from
most serious AlID-3.439 in
#4 neuron to lightest AID-
0.055 in #13 neuron.

Each neuron contains
10,774 grids’ inundated
depths ( map of 100km?).

1.246 £
' 0.619 X ‘. ' 1.031
LT @ T el @
4 0.157 | [ 0.533
@ a0
' 0.055 S\ | ] 0.316 . } '

Inundation depth range:

Topology of 4x4 clustering maps

Information Center for Water Environment

1.186 X , . 1.626

,. 2Brdl ’

0.833 % l 0.928

0.511 | 0703
L @

’

01 2 3 456 7m
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Performance of 3- to 12-h-ahead forec;sting of the average
inundation depths by using the R-NARX networks

Forecasting | _______RMSE(m) | _______R*

Time-step training  validation testing  training validation  testing

3h ahead 0.36 0.45 0.36 0.92 0.90 0.90
6h ahead 0.35 0.45 0.35 0.92 0.90 0.90
9h ahead 0.36 0.46 0.36 0.92 0.90 0.90
12h ahead 0.41 0.52 0.40 0.90 0.87 0.88
Linear Modification
3h ahead 0.28 0.30 0.34 0.92 0.90 0.90
6h ahead 0.28 0.30 0.34 0.92 0.90 0.90
9h ahead 0.29 0.30 0.33 0.91 0.90 0.90
12h ahead 0.31 0.34 0.35 0.90 0.87 0.89
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O Results

R-NARX Forecasting 3-h ahead for AID
Training Events 6,7

Event 6
3 — Simulated .
= Forecasted
— E
£ 5
o <
= 3
< g 5
:Sj "
1_
-"l..
0 50 100 150 o A
Series 0 1 2 3
Simulated ARID(m)
Event 7
5
= Simulated 4
4 = Forecasted
~— g 3
£ 37 o
a 3
(2 _ % 24
< ‘ 3 .
:
1‘ [ . /
0 'y
0 20 40 60 042 . : .
0 1 2 3

Series Simulated ARID(m)
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R-NARX Forecasting 3-h ahead for AID
Validation Events

12h20y 12h20y & 24h20y

2
Simulated ARID(m)

3

3 = Simulated o
= Forecasted
= E
E 2- o
&) <
< 3
< g 2
11
8
14 .
0 : : : . I
0 5 10 15 20 25 0
. 0 1
24h20y Series
3 — Simulated o
= Forecasted
— E
E o 5 ¥
a g
-— o
E £
11
2
o,
0 . r r . - f
0 5 10 15 20 25 30 00 .

Series
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R-NARX Forecasting 3-h ahead for AID
Testing Events
Event 8 Event 8 & 12h50y
m— Simulated 4
= Forecasted R
5 :
0 50 100 150 00 7 ; :
Series Simulated ARID(m)
12h50y
3 —— y
E 2 gs'
a 3
?(: % 24
"
0 : : : | 'S
0 5 10 15 20 25 0
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Forecasted Simulated Error

N

Event 7 %
T=75 Sl = ([
Comparison of i
Model =

. for T
Forecasting o ol 4
= ey A

Reliability F. {f.
N /"\:u v
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s o 3 7 4
g Y - . 'l /
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Event 7

Comparison of
Model
Forecasting
Reliability

Regional
Inundation
Maps
T=75-120
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Forecasted Simulated Error

T=78

T=81
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O Automatlcally Generate output files
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«/description> i-l
<Points|
<coordinates>120.479338407,23.045236474 < /coardinates> RRD KEE MAY ZHRXD —lf‘z DEH
<[Point> & = v o = ¥ i
</Placemark> MA EES 3® AN BB Ee R
<Placemarks T BB C\Users\E®\Downloads\ 201808232000 (1).2ip\
<name>&E</name> HERK) SRXER
estyleUrl>#Rainy</styleUrl> 1450695 116900 2018-10-141
= <description>%5: R_1650<br /> BHE: 307 mm :iz; :i;; ig:i:g::
<div id="Container” style="height. 200pxwidth:250px"> </div> <script type="text/javascript” ar(:"hnpsﬂr 5 —CR02png 14110 13076 201810141,
= escript id="chartScript” type="text/javascript"> Highcharts.chart('Container’ i /\R%00,png 30458 20611 2018-10-141
charl: {zoomType: '’ spacingTop: 30, plotBorderWidth: 1), title: {lext: null}, legend: {enabled: false}, credils: (e 8 /\¥%01.png 30458 28511 2018-10-141
xAuis: {type: ‘datetime’, tickinterval: 3600 * 6000, lineColor: *#000", tickColor: '#000', labeks: {step: 1}, 2 x‘l;g o f :: 3332: ig:i;:::
yAuis: {title: {text: TE, style: {color: #000'), gridLineWidth: 1, minorTickinterval: 'auto’, lineColor: '#000, tlc\ 11495 9567 201810141,
<Point> 13318 11439 201810141
<coordinates>120.359814197,22.96494462 </coordinates> 0 18488 16680 2018-10-141
</Point> DL i'n pra 23294 21632 2018-10-141
Placemark> 9 EEXRO2prg o 21260 19535 2018-10-141
</riacemar & $ER00pog 45786 33511 2016-10-141
<Placemark> & ER01 prg I e 102257 99891 2018-10-141
<narr4=>?§(7)</name=> & $ER02 png 105 211 102831 2018-10-141
<styleUrl>#Sunny</styleUrl» 5 ®x%00.png 35340 33569 2018-10-141
criotion> 35 P M 8H0.png 39263 37576 2018-10-141
8 «c'esg\pnon > 58 R_1590<br /> ZME: -8747 mm i 8x%02png 42237 40631 2018-10-14 1,
8. | </description> i Mx%00.png 27562 26182 2018-10-141
<Point> i W% %01 png 20572 19327 2018-10-14 1
<coordinates>120.506965389,23.3308869571 < /coordinates> S WxEO2png 234 23940 201810141
</Point> i EEPIE00 prg 25037 22615 2018-10-141
ST o BEPMEOprg 25663 28310 2018-10-131
</Placemark> & FEME02 png 8401 27134 2018-10-141

n% -

<Placemark>

<name>7iE </name>

<styleUrl> #Sunny</styleUrl>

<description>#: R_1590<br /> BRE: -11727 mm

KML file

v' For displaying on Google Map

Google Earth and QGIS

2021/10/20
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{v
"TypeTitle"
"Pointg":[ 4

"Flood Stats",)

(v
"Name" "ﬁm'@”,‘l‘
"Lon":120.299593,¢

"Lat":22.583562,

“hrea": "22.11",4

"Pop": "138537",4
"Forecastedirea":14.8288, .
"MaxDepth":0.09,.

“GridId": "MDL_0001008_001610",+
"FloodPercentage": [ 0,0,0,0,0 ]

b
{v
"Nane": "BT$ER", !
"Lon":120.339293, .

"Lat":22.578673,)

“hrea": "21.21",0

"Pop": "190458",
"Forecastedhrea":18.1552,¢
"MaxDepth":0.11,¢
“Gridld": "MDL_0001008_000724",+
"FloodPercentage": [ 0.02,0,0,0,0 ]+
b

JSON files
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o Real-time Flood Forecast Result Display on Google Map
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Example: Heavy Rain Event on Aug 23, 2018
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o Real-time Flood Forecast Result Display on Google Map
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o Real-time Flood Forecast Result Display on Google Map
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o Real-time Flood Forecast Result Display on Google Earth
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o A New Era of Smart Flood Defense
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;-2—&)5 — I : — — Ehe New York Eimes
International : 2012 The Age of Big Data
Telecommunication Union @ /* : The New York Times | """ ™"
proposed Internet of % The Age of BI Data | erkememmiy g
Things (IoT) report e e b b o ety compors
growing ranks of data consultants. They help busi

201
016 Development of low-cost loT sensors |~ =7
World Economic Forum for Water Resource and Weather (i Tk
Artificial Intelligence (Al) ‘5~

as the core of Industry 4.0
® Reduce cost of data

monitoring

® Understand spatial
distribution

® Collect Big data

Integrate Wide-spread loT
sensors with Al in the near

Al serve on Flood Forecast and Water

future
Resources Management ® Keep Learning from real-time
Al + Big Data: data

® Excellent learning ability
® Massive volumes of data
® Fast computation

Al ¢
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® Flexible learning strategies
depend on locations and desity of
loT sensors
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Related Publications of City Flood Inundation Forecasting Models
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Inundation’Monitoring
Technology and Application

Lin, Yi-Sheng, Chief
Water Hazard Mitigation Center
Water Resources Agency, MOEA, R.O.C. (Taiwan)
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Taiwan faces the challenge of climate change

Climate change has led to the alternation of drought and flood in Taiwan

More Severe and Frequent Drought and Flood
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Extreme Storm Rainfall reaches World Record
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Before
Insufficient Information of Disaster

Highest inundation level
of Typhoon Morako
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Inaccurate Disaster Reports
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Widespread flood sensors
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Now
Widespread CCTV
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i B Integrated Inundation Information
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How We Did It
Smart Flood Preve 1tiQ
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Impact Mitigation of ExtremelEvenss
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Public-Private Collaboration

People
NGOs
Enterprises

Local
Government

Self-Funded
10-70%

Central
Government
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Application of Inundation Sensor Data

Improve accuracy of Forecast and Simulation Model
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Conclusion

Inundation sensor is helpful for immediately
collecting disaster information and forecast
model improvement.

Automatic sensor data verification is required in
case of equipment malfunction. CCTV is useful to
verify if the sensor works well.

To enhance accuracy of inundation forecast or
simulation model, continuing collection of sensor
data is necessary, especially for the Al model.
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Smart Irrigation Management

Chih-Hung Tan, PhD

CTO
Agricultural Engineering
Research Center




® Pressurized pipeline irrigation
® Green houses, plant factories, etc.
® Usually not applicable to open channels




Irrigation In Taiwan
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® Agricultural consumption 70%, what if 5% saving?

® Large scale paddy field experiment, 2017-2020

® integrate weather forecast, water sensors, loT,
gate control, cloud-top computing, etc.
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Decision platform

* Monitoring Ditch water level estimated water flow

« Controlling Opening percentage

» Expert decision = Optimized irrigation amount
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System Dlagram
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Water Saving Results

® Reduced 7.9% irrigation in first crop season

® Reduced 13.3% in second crop season

® Average 1338 m3/ha water saved in
Wushantou reservoir

® Equivalent 18 days water consumption for
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Highlights of project

® Cross-department integration
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g er Resources Agency, MOE/
® \Vin-win strategy for agriculture and science
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® Cultivation of smart water industry (loT,

sensors, control chips, automation, etc.)
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Conclusions

® Smart irrigation is a solution to climate
change and extreme weather condition

® Smart irrigation need to balance the
water savings and costs

® Agriculture and Industry not necessary
to compete for water, but collaborate to
save water (win-win situation)
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Goals Applications Features
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Goals

Reliable + Potable + Sanitary
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Continuously stable parmeate flow is increasing!
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Applications
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Rural Area Emergency Desalination Natural Water

Concorn)y FRZFHREHFIRA
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Features-Quick Assembly

Assembly can be completed within 90 minutes by two operators, and 30 minutes by
professional operators

i 7 Assembling
MOBILE WATER SYSTEM|
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Features-Stable Production

Serving 5000 L/d for roughly 2000~2500 people per day
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Features-Modularized

Parallel modules flow upon gravity makes it power efficient.
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Features-Simple Operation

Fully automatic with user-friendly HMI touch screen
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Features-Flexible

Compact design makes it easy to transport or modified.
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Specifications

Capacity

10 m3/d

BioNet

Length

1500mm

Power

3.5 kW/h

Voltage

220-380V

Width

1600mm

UF + RO

Weight

300 kg

Height

1550mm
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BioNet Reverse Osmosis

Active Carbon Filter \ /

Ultrafiltration \
PLC Control

UV Sterilizer

SR

Blower /’

RO Booster Pump UF Booster Pump
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Process
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Water Punification Process
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Gallery
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