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INTRODUCTION RESULTS
Owing to the changing climate, rapid development, and t‘ I. Release Strategies
population growth, the current management of water B .. 4 ¢ 19
resources is expected to be critically affected. Several WP 5 Feasible solutions (see Figure 4) are obtained by combining the g
reservoirs are multi_objec'[ive and often involve Competing ""m {ﬁ t,’i solutions of each prOblem, it shows the set of pOSSibIe releases ,?6 %08' ”E
interests, including water supply, flood control, and s :}" depending on the storage level in the lake within the control range (i.e., §1.s ! 0
hydropower production. Most reservoir management .~ & between Smin= hmin @Nd Smax £ hmaxexpressed in m3). ;. . 2L E
practices are ineffective, outdated, and subjective. i The daily releases to satisfy objective-1 and objective-2 on a specific "2 -
Therefore, it is necessary to re-evaluate the current %~ ¥ ""'f;i” day t are represented by R?% and R, for given values of a and B, ;_M
management rules to optimize objectives, reduce water Ky LT respectively. R B R TR R TR 3
stress, and mitigate climate change impacts. This research 8 = Proposed release strategies: S
mainly focused on optimizing two conflicting objectives: : — | |. Business as Usual Level (BAUL): aims to reach the historical Figure 5.a) Pareto frontier in the a-B plane, the historical solution is reported as the black circle (H)

and the background heatmap represents the overall efficiency n. b) The feasible efficient solution,

the satisfaction of agricultural demand and upstream flood “@ » average water level.

regulation in the city of Como. Como Lake is a regulated
lake in Northern Italy and the third largest lake, receiving

. . . . historical average water level (BAUL), daily water demand (Dy), maximum allowed water level hP,
Il. Business as Usual Release (BAUR): aims to reach the historical forp = 1.33,and minimum water level he. .. for a = 0.6.
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water from the upper Adda River and controlled ~ "~ " o 1. —solution: allows the manager to modulate the release with 6, iii. Performance Evaluation
“ : " : : Figure 1. Lake Como and River : . : : . .

downstream by the “Olginate” regulation dam (Fig. 1). Adda basin (source: [1]) where § is between 0 (irrigation demand satisfaction oriented: see
F,H, and L) and 1 (flood control-oriented: see G, |, and M).

« Two statistical performance indices, the flood index (FI) and deficit
index (DI), were utilized to evaluate the performance of historical and
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Q expresged as storage yqlume, A | Oban aate . . . .
s | The RMM approach (see Figure 6) aims to determinethe . constrained between the minimum R, . RSt *stage-discharge | measures the ratio of flop Q|ng cays in a year, whereas Bl measures
c . o release needed to satisfy the x N ' function N the ratio of total annual deficit to the total annual demand.
(S)
2 optlmal water levels (hmin and hmax) for |rr|gat|on demand _ L\_ reference irrigation demand (BC), the | ! ' ' Th indi g : h £ el T | I
§  satisfaction and flood prevention for a specified value of . food satety taet B (CD).  the  oBAUL : -1 G,I,M 1ese indices determine how eriectively the release policy operates
¢ | a(satisfaction factor) and B(flood indicator). It simulates ~ ; ' —e” maimum release with fully opened  eBAUR | %I]thln a precgled c;peratlng rule andltlrrlle psri)od [;L h .
. . . 5 00 T L ——Rvonan ates , and the maximum ! °
£ ' the water balance equation for 71 years of historical — S feasible release compatible with the I T Elcc;m Igﬁ. éalerzormance was calculated by adding the results n
c . . . I T L | e=TOT .. . . . : = =
2 inflow data (see Figure 3) from 1946 (the operation of the irigation deficit target a (EB). BAUL _— - A avie-1 and 1abic-2.
¢ Olginate dam began) to 2016 [4]. In particular, the e —— represented. s nlk 5 {_} Table 1: Flood index
i | historical outflow time series is used to simulate the . ., o irieation water ab, | "0 FHL S o B s B0 e M
o | current management policy and historical efficiency of the  demand of the of seven canals and ' f—{ s > \ TRBIG 080133 BN AT ARG 2% 23 1% 8% 16T
8 . Id | demand (Blackline) g f f bt t t % ’S - intial storage(S0) 92% 82% 065 1.3 5H4% 17 NMI% 260% 23% 159% 16% 1.2% 6.1%
g SyStem N termS Of a and B total dally S SM Se.x se', sc., So., S t Storage | T™%  B5% 070 151 54% 18% 37T2% 204% 26% 21% 17% 15%  B1%
o min max volume (Mm’) Compute felease 85% BS% 075 149 54% 18% 302% 272% 24% 20% 16% 14%  61%
I. Objective-l: Agricultural demand satisfaction: parameterized by a (the ratio [ J SO BON00 6T 53N 206 2% 209 20% 21% 8% 16% 6%
. . X ff. ° ts I to n % B5% 08% 146 52% 18% 188% 230% 21% 18% 16% 14% 6.1%
between the actual release (R,) and the agricultural demand (D,) as shown Fig. 2. Il. Efficient Solutions o %% 090 190 S1% 8% 167% 2008 21% 18% 18% 4% 61%
Il. Objective-ll: Flood protection in the city of Como: parameterized by B (the ratio . . . . . .
. . « Simulating the system dynamics over the given dataset, an iterative : Table 2: Deficit index
between the actual active storage (S,) and the reference storage (S,,.,), given as . L -
. procedure was used to find the initial storage that satisfies the ; W © P BAUL BAUR 5000 6e0.15 30025 505 5075 o1 Historica
1.2 m above the null p0|n'[ at Malgrate hydrOmeter. 100% 82% 056 136 144% 210% 230% 1829% 16E% 167% 178% 188% 161%

irrigation demand (or flood protection objective) every following day g oo ksnisy Yo ety e T B 08D 133 144% 2208 234% 1% 160% 153 1636 2% 161
The two objectives were solved independently for different values of a (0<a<1) and B for a given value of a (or B) see Figure 6. T BZL 085 13 4% 220% 216 1650 155 1866 104 172N 6
. . . . . . . T  B5% 070 151 143% 205% 183% 1517% 14.5% 156% 166% 173% 161%
(B<1) in accordance with the reservoir characteristics [2], respecting the constraints e The System effiCienCy (na and nB)’ represented as the percentage of [Smsamt’ - =s.:.] 65% BS% 075 149 143% 211% 180% 1428% 13E% 148% 156% 163%  161%
and within the control range (H,;, =-0.5m, H_,,, = +1.2m). a valid solution, varies with a and B because some years do not e
1 18% S4% 080 180 136% 222% 135% 1268% 131% 137% 141% 144% 16.1%
a) Min. Outflow —Mean Outflow — Max. Outflow — Pct25 — Pet75 b) Min. Inflow —Mean Inflow  Max. Inflow — Pct25 - Pct75 me.e-F the glveljl values Of.a and/or B . . Figure 6. Revised Min-Max - - o
- oo « Efficient solutions (see Figure 5a, segment BC) were found iteratively approach gi\tﬂ? é28%d|n9d|n6d|Cfs) and Taple%(ogf#.t |nch[|c$]§) pf?.st?r.tc;m,
o o 5 5 5 . ) , dn -release policies 1or alrrerent erricient solution
gm - by fixing a (satisfaction factor) and searching for a corresponding f with different values of a and B. neand ng represent the percentage
0 o0 (flood indicator) that satisfies S2, .. < SB, __ [3]. of years when the solution is achieved
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Figure 3. Presents the daily minimum, mean, maximum, 75th percentile, and 25th percentile values for both outflow (a)




