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Abstract

1 ~ Preface
This work aims at evaluation and planning of backup water supply for
climate extremes. The amount of backup water supply is determined based
on quantified extreme drought risk provided by drought severity-duration-
frequency (SDF) curves with the specific duration and frequency parameters.
With drought SDF curves, the extreme drought risk can be properly
addressed and then be used for the design of backup water supply to mitigate

potential impact caused by climate extremes.

2 ~ Data Collection and Paper Review

The water demand and supply related data of Southern Taiwan were
collected as the input of GT International Simulation Planning Model
(GTSPM) for simulating water supply process under different conditions
(i.e., current and future). The existing and planned backup water supply were
also inventoried for subsequent backup water supply evaluation. Also, a
number of subjects (e.g., definition of extreme events, evaluation of water
supply capacity and drought indices) related to backup water supply were

reviewed for better understanding of key issues.

3 ~ Water Resources System Analysis and Impact Assessment of Southern
Taiwan
The water resources system analysis of Southern Taiwan was
performed by using GTSPM. The analysis results were first verified by
comparing with previous results of water resources management master plan.
Then, the input data of GTSPM (e.g., runoff data, HAV curves, water
demands, etc) were updated and re-simulated for conducting subsequent
impact assessment.

The properties of meteorological drought of Southern Taiwan in recent
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years were also investigated. The overall findings of investigation show that
the frequency of the 2014-2015 meteorological drought is approximately
18.2-year and the 2020-2021 meteorological drought is more extraordinary
with a frequency of 100-year.

4 ~ Development of Drought SDF Curves

In Taiwan, the majority of water resources systems were designed by
using shortage index (SI) as criterion. However, the calculation of SI is on
annual basis and only long-term average behavior is addressed. It is
necessary to introduce a new criterion (i.e., drought SDF curves) for
quantifying extreme drought risk. The drought SDF curves are capable of
describing the relationship between severity, duration and frequency of
drought events which can be derived by drought frequency analysis of
annual maximum water shortage amount.

In drought SDF curves application, given duration and frequency
parameters of a representative extreme drought, a corresponding value of
severity can be found. This severity value is regarded as the potential water
shortage caused by the representative extreme drought. In practical practice,
the duration and frequency parameters can be decided by the characteristics
of the most severe drought events in recent years. In the case of Southern
Taiwan, the frequencies of Chiayi, Tainan, Kaohsiung and Pingtung are 25-
year, 50-year, 50-year and 2-year, respectively; and 120-day is selected as

the duration parameter for the entire Southern Taiwan.

5 ~ Extreme Drought Risk and Backup Water Supply Evaluation
The results of backup water supply evaluation suggest: (1) the amount
of planned backup water supplies in Chiayi, Tainan, Kaohsiung and
Pingtung is capable of managing the 2014-2015 drought but not for the
2020-2021 drought; (2) for Chiayi and Tainan, the gaps in backup water
supplies are 4.1 and 34.9 10*<xCMD, respectively. It is suggest taking
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drought emergency response plans such as water diversion, irrigation curbs,
etc for further mitigating potential drought impacts.

Keywords: drought SDF curves, extreme drought risk, backup water supply.
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vs. Shortage Index.
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Kang, S., Lee, S., Kang, T. (2017) Development and Application of Storage-zone

Decision Method for Long-term Reservoir Operation Using the Dynamically Dimensioned
Search Algorithm. Water Resources Management, 31, 219-232. Figure 11. Optimized
Zones for the Andong Dam Operation.
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EE* ASEFGTR R NEUEX
ok S ER 2R IR KR - Haque et al. (1992)#% * 3 #&
it @ 3 0T RR A RdpIR(SD 2 B 1k okdp
(MSI)i® 5 45 > £ #7485 Gosikhurd = FHXK B F *TH L
ok R (& 2-6) @ 3R TR A oRdpdio 2 3 B AR
B i 20 BoR R A B 5 10.09 R~ 11.81 eI 2 15.24
ReFC BHA T A AR MR RO LR - ok
o2 i BakoRip B Aeif £ TR E KRB K 0 T
NEFKFT R FeEHA LA AYE o
% 2-6 ¥ A& Gosikhurd ~ 3z &k 4 5 &%

Annual Utilisation for a Fixed Storage Capacity Under Different Criteria

Storage Criterion Planned Net -uti- Failure Shorta- Modified
capacity annual lisation year ge shortage
(M cum) utilisat- per annum index index

ion(M cum) (M cum)

75% success 1009 994 6 0.35 0.05
year

849.20 Shortage 1181 1126 11 0.99 0.30
index

Modified 1524 1340 18 3.60 0.
shortage
index

=R Haque, M.E., Srivastava, P.L., Afshar,-N.R. (1992) Criteria for Storage Capacity Fixation for Irrigation

Reservoir Project. Irrigation and Power Journal, 49(1), 139-152. Table 6. Annual Utilisation for a Fixed Storage
Capacity.
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(National Academies) & 7 B /i fe3dih K5 ~ HiFferc L 2 6 972K
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(National Academies, 1985) > i &34 K FhFFEE A L L7 K
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TRl B agc R E R RA R E o
FRMEEL LR 1994 R Fick B KT RE E2 R 7I
Friaagd Tk kT k4=, 41 42 (USACE, 1994) » =
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[@ F 2k58: Bonstrom, H., Corotis, R.B. (2016) First-Order Reliability Approach to Quantify and Improve Building
Portfolio Resilience. Journal of Structural Engineering, 142(8), C4014001, 1-12. doi: 10.1061/(ASCE)ST.1943-
541X.0001213.
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(2)# if # (adaptive capacity)
F AP R RAF AR AV EE
KA EE 2 N EEAGEA KA o
(3)41 /& # (restorative capacity)
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BEAFA AR > TTFZEVREF2 S EFRRES KA o
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Water System Functionality
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S—"

4 Time (f) L

[& & 2%j&: Balaei, B., Wilkinson, S., Potangaroa, R., Hassani, N., Alavi-Shoshtari, M. (2018) Developing a
Framework for Measuring Water Supply Resilience. Natural Hazards Review, 19(4), 04018013. doi:
10.1061/(ASCE)NH.1527-6996.0000292.
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System performance
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Threshold
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S~ NN
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[ Tt Time

[& R ZKR: Grafton, R.Q., Doyen, L., Béné, C., Borgomeo, E., Brooks, K., et al. (2019) Realizing Resilience for
Decision-Making. Nature Sustainability, 2, 907-913. doi: 10.1038/s41893-019-0376-1.
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[& A 2k J&E: Simonovic, S.P. (2020) System Approach to Management of Water Resources —
Toward Performance Based Water Resources Engineering. Water, 12(4), 1208. doi:
10.3390/w12041208.
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59 2,749 60/02/04 | 60/06/03 | 90 1,357 91/02/05 | 91/06/04
60 0 - - 91 6,547 92/02/06 | 92/06/05
61 1,165 62/02/11 | 62/06/10 | 92 4,043 93/02/10 | 93/06/08
62 581 63/01/16 | 63/05/15 | 93 627 93/11/30 | 94/03/29
63 0 - - 94 673 95/01/15 | 95/05/14
64 350 65/01/12 | 65/05/10 | 95 1,543 96/01/19 | 96/05/18
65 1,236 66/01/29 | 66/05/28 | 96 781 97/02/06 | 97/06/04
66 120 66/11/22 | 67/03/21 | 97 304 98/04/03 | 98/07/31
67 562 68/01/28 | 68/05/27 | 98 415 98/09/09 | 99/01/06
68 4,999 69/04/03 | 69/07/31 | 99 618 100/03/20 | 100/07/17
69 6,661 70/01/13 | 70/05/12 | 100 0 - -

70 1,033 71/01/07 | 71/05/06 | 101 931 101/12/07 | 102/04/05
71 507 71/10/15 | 72/02/11 | 102 1,106 102/12/28 | 103/04/26
72 1,106 72/11/27 | 73/03/25 | 103 3,169 104/01/24 | 104/05/23
73 1,350 74/01/28 | 74/05/27 | 104 0 - -

74 839 75/01/16 | 75/05/15 | 105 691 106/01/28 | 106/05/27
75 443 76/01/18 | 76/05/17 | 106 3,495 107/02/19 | 107/06/18
76 1,079 77/01/24 | 77/05/22 | 107 1,106 108/01/01 | 108/04/30
77 369 77/12/07 | 78/04/05 | 108 933 109/01/23 | 109/05/21
78 74 78/10/26 | 79/02/22 | 109 5,759 110/01/30 | 110/05/29
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30 451 916 1,380 2,237 2,772 2,772
(706) (16.3%) (33.0%) (49.8%) (80.7%) (100.0%) (100.0%)
60 733 1,492 2,255 3,672 5,191 5,544

(1.155) (13.2%) (26.9%) (40.7%) (66.2%) (93.6%) (100.0%)
90 925 1.896 2.842 4.546 6.322 8.316

(1.426) (11.1%) (22.8%) (34.2%) (54.7%) (76.0%) (100.0%)
120 1,070 2.198 3,254 5,088 6.933 9310

(1.600) (9.7%) (19.8%) (29.3%) (45.9%) (62.5%) (84.0%)
150 1,157 2.408 3,567 5.561 7.548 10,089

(1.730) (8.3%) (17.4%) (25.7%) (40.1%) (54.5%) (72.8%)
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(1.794) (7.1%) (15.0%) (22.4%) (35.0%) (47.7%) (63.9%)
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#EEF(H) A% F(F)
3T S & 2 5 10 25 50 100

30 948 1,795 2,426 3,313 4,042 4,512

(1,175) (21.0%) (39.8%) (53.8%) (73.4%) (89.6%) (100.0%)
60 1,393 2,795 3,947 5,720 7,309 9.024

(1.878) (15.4%) (31.0%) (43.7%) (63.4%) (81.0%) (100.0%)
90 1,772 3,635 5.212 7.707 10,004 12.746

(2.463) (13.1%) (26.9%) (38.5%) (56.9%) (73.9%) (94.2%)
120 2,038 4,244 6,136 9,168 11,993 15,401

(2.883) (11.3%) (23.5%) (34.0%) (50.8%) (66.5%) (85.3%)
150 2,139 4,500 6,540 9,828 12,911 16,648

(3,059) (9.5%) (19.9%) (29.0%) (43.6%) (57.2%) (73.8%)
180 2,199 4,603 6,672 9,997 13,105 16,863

(3,128) (8.1%) (17.0%) (24.6%) (36.9%) (48.4%) (62.3%)
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	Abstract
	結論與建議
	一、結論
	(一)臺灣水資源系統設計規劃與評估檢討上常採用缺水指數(SI)作為基準，雖其可描述長期平均缺水情況，但不易反映極端乾旱時期之缺水情況。故藉由彙整國內外常見缺水指標並評估其適合性，決定採用乾旱SDF曲線量化水資源系統於極端乾旱時期之缺水風險，用以輔助缺水指數(SI)強化其於極端乾旱時期之解釋能力。
	(二)基於標準化雨量指數於不同時間尺度(1至12個月)之優選評估結果，擇定乾旱辨識能力較佳之9個月時間尺度，分析近年嚴重乾旱事件對於南部區域各縣市造成之氣象乾旱頻率年。以南部區域整體而言，民國103至104年乾旱造成之氣象乾旱頻率年約為18.2年，而民國109至110年乾旱則造成更加顯著之乾燥狀態，其氣象乾旱頻率年高達100.0年。
	(三)於民國109至110年乾旱期間，臺南地區與高雄地區之「氣象乾旱」頻率年皆為100.0年左右，然而其缺水頻率年則僅約50.0年左右，主要係受益於水庫調節供水及穩定地下水與伏流水，以減緩極端乾旱事件對於水資源供需系統造成之衝擊。
	(四)針對南部區域用以代表「極端乾旱」條件之乾旱頻率年與乾旱延時參數，其在選擇上主要係參考近年嚴重乾旱事件特性所決定。就頻率年參數而言，嘉義、臺南、高雄以及屏東係分別選擇25、50、50以及2年作為設定；就延時參數而言，則係參考民國109至110年乾旱事件期間南部區域實施減量供水之時間，採用120日作為設定。
	(五)若採用103-104乾旱特性進行目標年(125年)條件下南部區域各個縣市之備援水量評估規劃，嘉義、臺南、高雄以及屏東之設計備援水量皆低於已規劃備援水量，故無需另外增加待強化備援水量；若針對更加嚴峻之乾旱條件，採用109-110乾旱特性進行目標年(125年)條件下南部區域各個縣市之備援水量評估規劃，則嘉義與臺南需增加待強化備援水量，其水量分別為4.1與34.9萬噸/日。
	(六)藉由比對南部區域於不同供需條件下極端枯旱潛勢地圖，可瞭解水資源經理計畫與備援方案紓緩極端乾旱風險之效益。以現況(108年)條件下極端枯旱潛勢地圖作為基準，目標年(125年)條件下因受益於水資源經理計畫推動，南部區域之極端缺水率已有所改善；若目標年(125年)條件再配合不同備援方案，則其極端乾旱缺水率可再進一步減少，突顯備援方案對於紓緩極端枯旱衝擊之重要性。
	(七)為量化南部區域水資源韌性與釐清水資源經理計畫與備援方案之韌性提升效益，彙整評估國際上韌性評估架構，提出適合臺灣應用之無因次韌性參數(無因次穩健力與無因次快速力)。受益於水資源經理計畫推動，目標年條件下韌性參數相較於現況皆有所改善或者持平；若同時考慮目標年條件與不同備援設定，南部區域各個縣市韌性參數則皆能進一步改善。

	二、建議
	(一)因乾旱SDF曲線可同時描述乾旱缺水量、延時以及頻率年之關係，得以輔助缺水指數(SI)強化其於極端乾旱時期之解釋能力，建議未來於水資源理計畫可納入乾旱SDF曲線進行備援水量評估規劃，以進一步紓緩極端乾旱事件可能造成之衝擊。
	(二)於頻繁極端事件威脅之下，除預先進行備援水量評估規劃，建議未來可搭配標準化雨量指數(SPI9)或其他合適之乾旱指標，據以研判備援水量之啟動時機，藉由提早導入相關防禦性策略，以避免嚴重供需衝擊發生。
	(三)乾旱SDF曲線未來應用上可搭配經濟分析方法探討不同條件下極端乾旱情況可能導致之經濟損失，從工程益本比角度切入，探討推動備援水量之經濟效益，以作為備援方案推動說帖。
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	(4)輸水損失量參考「曾文-烏山頭水庫串聯運用引水量蒸發、滲漏及輸水損失問題探討改善研究」(經濟部水利署南區水資源局，民國89年)之計畫成果，曾文放水口至東口堰輸水損失採用5.3%，而東口堰至烏山頭水庫輸水損失採用3.4%。

	3、南化水庫與高屏堰聯合運用原則
	(1)優先利用高屏堰川流水供應高雄地區分配水量與北送臺南地區用水，不足水量由南化水庫蓄水供應；南化水庫滿庫時供應臺南地區用水，以減少高屏堰北送水量。
	(2)高雄地區分配水量係南化水庫與高屏堰聯合運用較南化水庫單獨運用(無甲仙堰引水)增加供水能力之一半。
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