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SUMMARY

From the second half of 2020 to the first half of 2021, it had suffered from a centurial severe drought in
Taiwan. The challenge of water supply was the greatest in history. In order to reduce the impact on
people’s lives, Water Resources Agency (WRA) used multiple adjustment actions to enhance water
resilience capabilities. Those actions include advance deployment through cross-domain organization
division of labor, multiple dialogues and communication to establish social drought resistance
awareness, strengthening economic resilience to reduce the impact of drought, and central and local
governments’ cooperation to improve water supply resilience. The contingency actions, e.g. detailed
reservoir operating, daily water condition monitoring, cross-regional water supply dispatching,
water-saving of agricultural and industrial uses, artificial rainfall enhancing, tap water decompression,
and diversely developing emergency water sources those reached 1.66 million tons per day, had also

been implemented to reduce the water supply from reservoirs effectively.

KEYWORDS:

Centurial drought in Taiwan, Resilient water city, Stabilizing water supply

INTRODUCTION

In recent years, climate changes, abnormal rainfall, and extreme weather have exceeded the control
of engineering and non-engineering measures. Therefore, it is necessary to actively build more
resilient and disaster-resistant cities. In 2020, there was not enough rainfall falling in Taiwan due to no
typhoon invaded during the wet season. And the spring rainfall in 2021 was also not as expected.

From June 2020 to May 2021, the accumulated rainfall in western Taiwan was only 880 mm, which
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was the lowest record since 1911 and far lower than Taiwan's average annual rainfall of 2,500 mm.
Particularly, the accumulated rainfall was only 500 mm in central region. Those resulted in the water
storage of reservoirs in western Taiwan was only about 1 to 3% and caused the worst drought in a
century. Referring to Sendai Framework for Disaster Risk Reduction 2015-2030, WRA followed the
four principles of resilient water city, i.e. organizational resilience, social resilience, economic
resilience and infrastructure resilience (Figure 1.1), and actively used various emergency actions to

reduce the impact on society and industry due to severe drought.

Disaster prevention and relief The public's awareness of potential
resources and investment capacity disasters
The degree of adaptability of the public The main factors for building public
sector to disasters, showing the city's awareness of disaster prevention
external resilience to disasters
+ Potential risk identification ability + Community resilience
o e A I RIS Organizational Social Resilience ? FhEHi

capabilities of local governments
» Organizational communication skills
« Organization command and dispatch
ability
Disaster prevention information
transmission capability

- Disaster prevention capabilities for
foreigners
+ Land and ecology

Resilience
(Governance)

(People &
Environment)

Key basic hardware and software
disaster tolerance capability tolerance and recovery
Review whether critical . .. capability
infrastructure can continue to  Infrastructure Economic Resilience The main factors affecting
function after the disaster Resilience  (financial Capacity)  ypq recovery speed of cities

Economic capacity for risk

+ Hardware facilities after disasters

« Software facility + Financial ability

« Disaster tolerance planning and design « Disaster budget

« Life support and medical + Enterprise investment

Figure 1.1 Resilience Water City Evaluation Aspects and Elements

TAIWAN’S WATER ENVIRONMENT

Hydrological conditions

Taiwan is in the subtropical region and its annual precipitation is approximately 2,500 mm, which is
2.5 times the world average. But, the country's water infrastructures capture little of it because of the
geography. As shown in Figure 2.1, the distribution of rainfall is uneven through a whole year. About
78% of the rainfall, which takes place during the wet season between May and October, comes from
typhoons and/or heavy rain storms during the so-called “plum rain” season. Rainfall in the dry season,
from November to April, constitutes only 22% of Taiwan’s annual rainfall. Furthermore, rainfall is also
unevenly distributed in space. The ratios of rainfall in the wet and dry seasons in the northern, central
and southern regions are respectively 6:4, 8:2 and 9:1. Due to the non-uniform rainfall distribution, the
water supply in the dry season will be insufficient and unstable if the rainfall is not stored in the

reservoirs.
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Figure 2.1 Precipitation Distributions in Taiwan

Water usage

As shown in Figure 2.2, Taiwan’s annual precipitation reached 93.8 billion tons. However, 22% and
60% of it is evaporated and goes to sea. The total water consumption is 17.1 billion tons, which is
about 18% of precipitation. The ratio of consumption is 72% in agriculture, 19% in domestic, and the
rest 9% in industrial use. That consumption is satisfied by waters from rivers, reservoirs, groundwater,
desalination and reclaim. Among them, the annual water supply of the reservoirs with a total storage

capacity of 1.9 billion tons is up to 3.8 billion tons.

" Desalination & Agricultural y

Reclaimed Water

Precipitation 93.8 { Tc;t;:I_Us:a;je 17.1

(billion tons of water / year) (billion tons of water / year)

Figure 2.2 Water Resource Allocations in Taiwan

DROUGHT RESISTANCE EMERGENCY ACTIONS

According to the statistics from 1911 to 2020, there was an average of 3.4 typhoons striking Taiwan
per year. The typhoon rainfall accounts for about 40 to 50% of annual rainfall. And it is an important
source of water supply. The threat of drought in the dry season will be resulted in once the rainfall is
insufficient in the wet season. Nevertheless, no typhoons passed by with official warning issued in
2020. Then, Taiwan faced the unprecedented challenge because of the rainfall of main reservoirs in
June 2020 to May 2021 being an all-time-low record. The annual inflow to the main reservoirs is about
4,600 million tons per year, but the inflow was only 1,580 million tons over 2020. Water levels at main

reservoirs were down to less 10% capacity. The supply of water resources had not sufficiently

15



satisfied the water demands of domestic, irrigation and industry. The abnormal climate affected
Taiwan’s water resources management seriously. Immediately, the drought response mechanism
was started and all necessary measures were implemented depending on the severity of drought at
each water region. And the operation level started from regional offices and gradually upgraded to

WRA, Ministry of Economic Affairs (MOEA), and central level (Executive Yuan).

Strengthen organizational resilience — cross-domain organizational division of labor, advance
deployment to fight drought

The rainfall was less during the dry period from 2019 to the first half of 2020. WRA judged that it would
be a warning based on the water assessment experience over the years. And WRA updated the
statistical data of main reservoirs comparing with the historical data every day and collected the
weather forecast information closely to grasp the detail of water use and water regime. Since July
2020, WRA had invited all units to take stock of water supply situations and initiate various drought
preparedness preparations for different situations. Then, Drought Emergency Response Teams of
WRA, MOEA, and Central Emergency Operation Center were respectively set up as shown in Figure
3.1. Up to 12 months of drought resistance, a number of drought-resistance and water-saving actions
were initiated, such as reservoir water management and control, regional dispatch, backup water
supply, artificial rainfall enhancement, agricultural strengthening irrigation management, and irrigation
suspension in some areas. At the same time, the precise management actions, such as water
condition monitoring every half day, daily drought control reviewing, and weekly water supply
controlling, were executed. Those included 94 water condition meetings of different administrative
levels, more than 66 artificial rainfall enhancements when fronts were approaching, and water
conserving up to 1.3 billion tons, etc.

Different from the water scarcity responses in the past, 8 major groups of meteorological analysis,
water resource allocation, people's livelihood water supply, agricultural water supply, industrial water
supply, drought-resistant water source, water-saving publicity, safety and health, were also set up
under Central Emergency Operation Center. The drought resistance strategies, being evaluated and
proposed by those professional groups, were frequently discussed, adjusted and decided with time.
And relevant tasks were then immediately assigned to the corresponding departments. During the
drought period, Central Weather Bureau and private meteorological experts provided meteorological
analysis. Construction site manufacturers, local governments, Ministry of the Interior, Environmental
Protection Administration, and other public and private departments assisted in the integration of
groundwater at construction sites into the tap water system. Military engineers and private
manufacturers assisted in the dredging of reservoirs, the navy supported water to islands, the air force
supported aerial rain enhancement operations, and the industrial community cooperated with water
saving in times of difficulties. Those have become a new successful model for cross-domain

cooperation to overcome the drought crisis.
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Figure 3.1 Early Preparedness and Response since July 2020

Strengthen social resilience — multiple dialogues and communication, build social awareness
of drought resistance

The water-saving measures were gradually adjusted and intensified depending on the water scarcity
situation. Many conversations and dialogues with public sectors and private groups were held to
explain the drought situation and the water-saving supporting measures. By cooperation with the
agricultural sector, the methods of regional rotation irrigation, community deployment, precision
irrigation, night water transfer, return water reuse, and well pumping, etc., were utilized. The river
water and the pond water were and fully used in order to minimize use of water from reservoir.
Domestic water-saving measures, e.g. night decompression of tap water, all-day decompression and
district water supply, were gradually adjusted according to water condition trends. From September
2020, industrial districts also saved 5% of water use autonomously. To avoid interrupting industrial

production, the water supply was reduced and non-stop for the science park or industrial park with a
dedicated supply of tap water.

Strengthen economic resilience — improve economic resilience to reduce the impact of
excessive drought

In order to reduce socio-economic shocks owing to water shortage, irrigating in some regions was
stopped based on the principle of considering public water demand to the end of May 2021 and
avoiding insufficient irrigation water to affect crop production. About 94 thousand hectares of farmland
were suspended of water, including 2020 second season crop and 2021 first season crop, and more
than 680 million tons of water saved. According the evaluation by the agriculture department, the
influence on markets would be little because the rice storage in the government barns was enough to
support Taiwan's rice annual dosage. Compensation of NT$8.58 billion and assistance were then
provided to subsidize farmers’ losses. It is an expedient measure that domestic and industrial water
supply may be stabilized by dispatching and transferring the irrigation water. The farmers are then
providing to compensate. The agricultural losses therefore are reduced and the ones of social

economy due to drought may be minimized.
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Strengthen the resilience of Infrastructure — central and local cooperation to enhance the
resilience of water supply

For extending the water supply from reservoirs and reducing the drought impact, the central and local
governments and non-governmental organizations worked together through various measures such
as saving more water, finding more water, and dispatching more water. To save more water, the night
decompression of tap water was gradually expanded to full-day decompression. The industrial water
saving was gradually increasing to 17%. The irrigation possibly replaced the water from reservoirs
with the one pumped from agriculture ponds and district drainage rivers. The central government also
invested NT$6.3 billion in rushing to find and dispatch water with increasing 1.66 million tons per day
by drought-resistant wells, effluents in the water resources centers, hyporheic flow water, emergency
desalination units, mobile water treatment facilities, groundwater pumped at construction sites, and
retrieving residual water from downstream rivers, etc.

Emergency Water Supplies 1.0

From June to September 2020, the rainfall was only 20% to 60% of the historical average and most
was the lowest in the reservoir catchment area in western Taiwan. Preparing for the worst possible
situation of low rains in following winter and spring, the central government invented NT$1.4 billion
immediately to run the project of Emergency Water Supplies 1.0 to find water in diverse ways. In
February 2021, the water supply of 780,000 tons per day were increased by drought-resistant wells
into the tap water system of 340,000 tons per day, agricultural pond water of 2.09 million tons,
effluents of 425,000 tons per day in the water resources centers, and Hsinchu emergency
desalination units of 13,000 tons per day.

Emergency Water Supplies 2.0

The reservoir's water storage capacity was the lowest in the same period in history, because the
rainfall was not as expected in the spring of 2021. The drought was severe and it was a centurial
extreme drought in Taiwan. Moreover, the meteorological analysis group of Central Emergency
Operation Center forecasted that the rainfall from April to June would be less normal. Therefore, the
central government invented NT$4.9 billion again to run the project of Emergency Water Supplies 2.0
to find urgent water resources and dispatch cross-regional water as more as possible. In May 2021,
the water supply of 880,000 tons per day were increased by emergency interconnections with nearby
water utilities of 393,000 tons per day, drought-resistant wells into the tap water system of 309,000
tons per day, hyporheic flow water of 70,000 tons per day, Taichung emergency desalination units of

15,000 tons per day, and construction site dewatering system water use of 93,000 tons per day.

RESULTS AND DISCUSSION

In order to minimize the drought impact on public, the basic principle of choosing any measure was to
extend water supply time until rainy season arrived. The main mitigation measures included
water-saving, cross-regional water dispatching and diverse emergency water sources developing to

keep water stored in reservoirs possibly. Finally, those reduced 31% water supply from reservoirs.

18



And heavy rains battered Taiwan after May 2021. That round of plum rains gave a boost to reservoirs
nationwide. If those emergency actions against the drought had not been taken, rotating water cuts
would have been instituted long ago.

In Taiwan, the dewatering system water use of groundwater pumped at construction sites, the water
pumped from agriculture ponds and district drainage rivers, reducing reservoir discharge, and
retrieving residual water from downstream rivers, are new ways of increasing emergency water
sources for drought relief. Those will be continually utilized as a normal backup facility for reducing the
water supply from reservoirs and storing water in reservoirs as much as possible. Moreover, WRA wiill
cooperate continually with the agricultural departments to promote the regional rotation irrigation, and
utilize the water resources of agriculture ponds, rivers, and district drains in reservoir irrigation areas
in Taiwan. And those experiences, including water resource development, water-saving promaotion,
cross-regional water diversion, backup water facilities and water management, have been extracted in

Taiwan’s Regional Water Resources Master Plan.

CONCLUSIONS

Taiwan’s hydrological environment has been affected by the change in global climate, as evidenced
by the difference in precipitation between wet and dry season/year and the increasing frequency and
severity of extreme rainfall and drought. From June 2020 to May 2021, the rainfall in Taiwan was the
least in a century, and resulted in the water storage of reservoirs continually dropping to 1 to 3%. In
order to reduce the impact of drought, the emergency actions of strengthening organizational
resilience, social resilience, economic resilience, and infrastructure resilience were executed to
actively rescue droughts. The cross-domain departments and organizations were assigned tasks
according professional duties. The departments of agriculture and industry autonomously cooperated
in saving more water. The social and economic losses may be minimized when dispatching irrigation
water to stabilize the water supply for domestic and industrial uses. Furthermore, the projects of
diversified emergency water sources were also quickly implemented to find and dispatch more water.
Therefore, the water from reservoirs may continually supply until rainy days coming. Adapting the
extreme climate in the future, Taiwan will constantly improve the constructions, managements and

systems of water resources to enhance the resilience of water supply.
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HEN
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i
Taiwan’s worst |
drought in a century

Strengthen Drought
Resilience

Eater Resource Allocation m precipitation 93.8

(billion tons of water / year)

| Challenge 1 ) O

¢ The total water usage : 17.1 billion tons/year
(only18% of the precipitation)

Reservoirs ~———Industrial
729
) 4 5 % Agricul(t)ural
Rivers

[Challenge 2 ]

4 Uneven distribution either in time or locations
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No Typhoon passed Taiwan in 2020

3.5 typhoons / year on average

Typhoon Paths in 2020

3 (1941, 1964, 2020)

7 Definition:
1.Typhoon center came ashore

4  2.Typhoon caused disaster without

coming ashore

_ - - -
__The worst drought in Taiwan history

From June 2020 - May 2021,
Lowest recorded precipitation rate (880mm) since 1911.

Rainfall (mm)
1/3 of Annualayerage precipitation

2800

2,600

2400 | - -

2,200

2,000

1,500

1,600

1,400 |
1,200

SREBES

(Data source: Prof. HH. Hsu, Atmospheric Sciences, NTU) 1911-2021 5

Unprecedented Challenge

Accumulated inflow of Reservoir Water requirement/per year

About 4,600 million tons/year

Only 1 ,580 million tons between
2020/1/6~2021/5/28

unit: ton

Statistical data : Accumulated inflow of Reservoir and water requirement
include Taoyuan * Hsinchu * Miaoli ~ Taichung * Chiayi and Tainan areas.
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Early preparedness & response
r“v

2020.10.14
Central
Emergency
Operation
Center

2020.10.1
Drought

MOEA

2020.9.16
Drought

Emergency
Response Ream,
WRA

2020.7.13
Water Allocation Meeting

Mitigation measures

o Save eAllacate 34 Find
Water Water Water

R S .

Keep Water in Reservoirs

Groundwater
Wells Seawater Groundwater

Desalinated Construction Site

Subsurface Water River Water ER.®Pipelines

Save Water - Domestic/Industrial Sectors

Domestic Industrial Non- Non-
uses uses essential  Industrial
uses Water
"3 e
CUERTERTIE .
- | Low pressure
. A 03 (Pm11-AmS) -5%
.

a

Yellow

5
Extend lower pressure

(Pm10-Amé) -5~-7% Prohibited

CHNE N

' All Day 7~-15% Prohibited  -10~-20%
Low Pressure
@ p- N E A
. ﬁ .
2 days off -15% Prohibited -20%
in a week
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Save Water- Agriculture

2020 Second Season Crop 2021 First Season Crop

a

Taoyuan

Hsindllb—'sﬁ.‘ 98ha § ‘ :f ; .
Miaoli . 2840ha =

Taichungv’ﬂ‘am'—j; =

NT$ 6.83billion !

(~US$ 239million), - ()

subsidized i Sole

farmers ;

cman»‘&ﬂf

]

Total area 7 : i Total area
18,906ha 75,933ha

Allocate water - Water Supply Corridor

Available water supply was allocated to each region

based on individual requirement.
North — .

1. The Feitsui Dam supports Ban-Xin area with max.
840,000 ton daily

2. The Shimen Dam supports Hsinchu with max.
225,000 ton daily

3. Hsinchu support Miaoli with max. 30,000 ton daily

Central

4. Liyutan supports Miaoli with max. 60,000 ton daily

5. Taichung supports Changhua with max. 80,000 ton daily
6. Yunlin supports Changhua with max. 50,000 ton daily

7. Yunlin supports Chiayi with max. 100,000 ton daily

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

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.

Reservoir Empty without
Interconnection pipeline

Construction Works °
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Find water - Emergency Water Supplies 1.0

» Nov. 2020 - Feb. 2021
+ Additional water supply of 780,000 ton/day

+ Funding: NT$ 1.4 billion (~US$ 49 million) -

Effluents in the E:::ngcelxlcy

S— Agricultural Water Resources Desalination

Drought- pond water Centers Units
1 Resistant Wells g4 ponds 65 Plants 425,000 43 900 ton/day
160 wells 2.09 million ton  ton/day
!l l: 340,000 ton/day

Find water - Emergency Water Supplies 2.0

» Plan 2.0 was completed in May, 2021
Increase 880,000 ton/day (Original to be 168,000 ton/day)
= Funding: NT$ 4.92 billion (~US$ 172 million)

«Emergency interconnections with
nearby water utilities (+393,000 ton/day)

«Drought-Resistant Wells (+309,000
ton/day)

sHyporheic Flow Water (+70,000 ton/day)

«Taichung Emergency Desalination
Units (+15,000 ton/day)

«Construction Site Dewatering System
Water Use (+93,000 ton/day)

unit: kilo ton/day

Keep Water in Reservoirs
2020/10 2021/5

Water Demand
from reservoirs

Total 31% Total

EX k1B Reduced 2,710?

unit: k-tons/day unit: k-tons/day
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Plum rains broke the drought

\HJ the capacity of the reservoir
North Central

Before plum rains (5/29 )
Shimen MM YungHoShan  Liyutan  Deji

LLLLLEkELL

(s/w )

100% 97% 100% 84%

AENAEEEANA

Northern Taiwan Middle Taiwan Southern Taiwan

Increase Investment in Water Resources

Challenge Goals in 2036

current In 2036
Climate Change Supply 11.88 13.30
k . (Demand) (10.70) (11.49)

Water Demand
Increase

Water reserve: 3.0 (28%) | 5.9 (51%)

(unit: mil. tons/day)
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Technology
TechXchange
17 April 2022 | Videos
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Innovation
Lee Kuan Yew Water Prize 2020 Lecture
18 April 2022 | Videos
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Yamamoto i 78 %I B AEAT 1A R RJC I ST A S A B de U 2 B AE - DA Ik 3%
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{E R DIyt 22 TSR e 7 e 7K P B

Yamamoto FHZAYIE 2 MBR HE#30 RdE LA A AT - (H ARt
ESHERE KR CAYBHLG - Yamamoto FRIIIEEEH 77K MBR AK(ER HActh3S
Jizl MBR ; /2740 MBR 24N EETE 2= » IS/ DAYRETR B A 54805 -

The use of submerged membrane bioreactor technology

enhances NEWater production and
boosts water reuse in Singapore.

Membrane Bioreactor

It can also be further purified into ultra-clean
and high grade-water, called NEWater.

.
Treated Effluent H ;
—— m =
The treated effluent 21— H NEWater
is further purified to 3 — — =] High-grade recycled
ultra-clean high-grade ' water called NEWater is

water called NEWater. : Reverse Osmosis (RO) Ultraviolet (UV) produced.
H Disinfection

2R ABAEYI S ERS o 85 2O - SIWW B il
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Domestic Used
Watere o

Tuas Water Reclamation Plant [ 5 #KJJ5 : PUB, Singapore’s national water agency E 44
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Seasonal variation and health impacts

i | -

: i 1
] {
! i B
1 {
0 !
— -
-

emr lenr

Table X. Mann Whitney U test result of seasonal variation and health impacts

P-value 95%Cl Sample Estimate Differences
Seasonal variation and DHF 0.00 33.00-57.00 46.00
Seasonal variation and diarrhea 0.05 -6.99 - 4649.99 1239.82

Seasonal variation and leptospirosis  0.00 0.00-0.0001 0.0001
[
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Flood report and Health Impacts

Diarrhea case

Low (0-3000)
Medium (3000-6000)
High (6000-12000)

Flood report

20 40 80 120

Deltares

Flood Report — Health Facilities

Flood report (nr)

01020
20 to 40
40 to 60
60 to 80
80 to 100
100 to 120

Puskesmas number

2 4 6 10 14

Deltares
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A

\ NeVBrew

by PUB Singapore
TROPICAL BLONDEALE

Brewed using NEWater,
Singapore’s own brand of

¢, ultra-clean, high-grade
3 recycled water.
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Fe (BRI K IR B O B RER A ~ TS BUR /K S ER B (@ 8 ~ 327
SNt A o HEIAYE Kazuo Yamamoto FHFRUEEANAYE(FRE - (H1FLL
TR A DU Ky - e/ K ETRIEER A A - oK &R R R
H TR A A i 57 E e KA /K B4 - Tuas Water Reclamation
Plant » 7HET* 2026 ERH > BIUE (A EEEG » AR EHIE R
TKETF I Z R SLAYREE > S B 18R BT LU E R K& TR A
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