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Impact and Analysis of Water resources Decision-making and Climate

Change on Hydrological drought

SRV SR ST L VIEENIY

) Eop
z ’lﬁﬁ' = O Iﬁl
Che-You Liu Shao-Yiu Hsu

2

AT B ;g:évg';;*g;i,f S5353 M2 (modified WAVE+) $23) » 3% -
A A k2 A g EARER S B2 HB EEkSLam A (Hydrological-social
interaction and dual system) » &k K & siind R F i@ frg Lk ik i £ R
Flo e ET O KEERCARE R FRF R P LR B KT REERK AP
TR RPORRE R kY Bcdp s E T modified WAVE+ WA A & Rl
DU G el o BT B2 A ERIE NI RAE R AT EET ARB
S N R BRI - NS P R Tt ig%;ﬂwia‘ig,,,m%—“m‘ﬁ& (SEDI)
frecigend AR R 4 {o7 Siidn#ic (IMSRRI) %3R3 332 o A Aot}
W HATE O R R R S ke e A 2 g
AeB 3 8 P A b PRSI RIET TG E —ﬂ;b/i‘ﬁ\wg‘mllw“iﬁw K E Aok
EARGOTHRRAE - B 4 Br it Bpr gt 2R T L TUFB AR R
PET LR ettt AT B - BB E LA ﬁ—%&ﬁﬁiiﬁl'wﬁ* i 5 1
fer REROEFR TN E FERHTR - B 5 AP 0 4oRl 2(a), (b),(c) 2P 0 A
FRplehg %t H8 (RCP2.6 fo RCP85) ™ » L@t Mgk T it 4 = =< B P
PRFES A hERAZ S FIPR AT HOEERREEPALT L DFRT
) S IR ot R pF . S U B Rk A

MagF: BAELHRE 28§ 2RB KT REEZ TR A S 47~k 2 3%
SR AT

The proposed modified WAVE+ model include consumption to availability ratio
(CTA), conditional water depletion index (CWDI), and risk of freshwater deprivation
(RFD) to deliver the degree of water deficiency and the vulnerability of the water supply
system on a monthly scale. CTA accomplish to evaluate water resource scarcity.
Regarding the concept of CTA, the water scarcity information relies on the monthly
available water from the streamflow which is highly correlated to the metrological factor,
the monthly average water storage, and the regional usage frequency of the water storage
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relating to the hydrological-socioeconomic interaction.

The water scarcity, (CTA) could be transformed into the CWDI to represent the water
deficiency degree. The RFD is bounded by the effective water consumption considering
the return water (vapor or evapotranspiration) via precipitation. Higher vulnerability and
water deficiency degree indicate the supply system closer to drought, and the societal
damage from the drought would become more server. To diagnosis and to detect the
hydrological drought, the comparison of CWDI and RFD to their relative criteria and
threshold is the solution in this study. The criteria and threshold of modified WAVE+
model is determined with the historical data. The detail of the comparison and the
determination of the criteria and threshold is in my master thesis.

(2) (b)

Figure 1 (a) and (b). Yellow, red and purple lines are CWDI, RFD and RFD threshold. (a) and (b)
refer to two case, water abounding year (1985) and drought year (1993).

Figure 1 (a) and (b) compares with the water-abundant years, the water consumption
in the extreme drought year was low due to two water consumption adjustments: the
fallow in March and industrial usage reduction after August. In June, to maintain the
economic benefit, the government dropped out the water consumption reduction
adjustment since the water consumption authority expected the typhoon to hit after spring.
Nevertheless, no typhoon hit Taiwan in the 1993 summer, a severe drought occurred after
July 1993.

To 1illustrate how the seasonal RFD threshold relates to hydrological drought
detection and diagnosis, this study compared the examples of 1985 and 1993 with the
CWDI-based detection method. Figure 1 (a) and (b) demonstrate the reason for
introducing two drought determinations, RFD threshold-based detection, and CWDI-
based detection method, as the RFD showed a higher sensitivity to water consumption
during the dry-period compared to the CWDI. The RFD aligns with the total consumption
line but does not exhibit significant changes in the CWDI after August 1993. From a
government perspective, when the CWDI closes to one and the RFD is greater than the
threshold, it indicates the occurrence of the drought.

(@) (b)
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Figure 2 (a), (b), (¢), and (d). (a), (b), and (c) are drought occurrence realization for every twenty
years with three climate conditions, based on historical data, RCP2.6, and RCPS.5, from 2020-
2040, 2040-2060, and 2060-2080, respectively. (d) is the drought detection performance measured

with confusion matrix, compared to IMSRRI.
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Figure 3 represents the conditional probability of drought occurrence in current month, with given
initial water storage and planed water consumption in current month. X axis, green part, is the
planned water consumption. Y axis, orange part, is the initial water storage in reservoir. The values
are the conditional probability from 0 to 1. Yellow part is the transition region.
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Figure 4 (a) and (b) present the conditional probability change under the RCP 8.5.
ABSTRACT

By considering the water stress robustness and the seasonal vulnerability threshold
of the water supply system, I developed a modified water accounting and vulnerability
evaluation plus (WAVE+) model. Based on the dual system concept, the model effectively
assesses and quantifies the multi-causalities of drought from the water supply system
point of view. I validated the performance of the modified WAVE+ model in drought
detection and diagnosis using the historical data from the Shihmen Reservoir water supply
system. This new approach enables the evaluation of drought severity, intensity, and
duration, outperforming existing methods such as the SocioEconomic Drought Index
(SEDI) and Improved Multivariate Standardized Resilience and Reliability Index
(IMSRRI). Additionally, the newly developed Modularized Conditional Data Base
Drought Index (MCDBDI) framework, which integrates hydrologic stochastic processes
and the modified WAVE+ model, enables the calculation of conditional probability for
drought occurrences shown in Figure 3 and Figure 4. The conditional probability could
support real-time policy adjustments in water consumption and reservoir operations.
Furthermore, I developed a sequential dual system simulation process to evaluate the
drought characteristic evolution under climate change and water consumption change
scenarios. Figure 2 (a), (b), and (c) indicate a reduction in occurrence numbers and the
distribution tail shrinkage on event severity and duration in Northern Taiwan under the
projected climate change scenarios (RCP 2.6 and RCP 8.5).

Keywords: Abnormal event detection and diagnosis, Climate change, Water resource
management, Time series analysis, Hydrological simulation, Stochastic process
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