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1. INTRODUCTION

2. MODELING APPROACHES

3. STUDY AREA

4. MONITORING WELLS

4 ) 4 ) 4 ) 4
. f oot - - - : RANDOM FOREST ALGORITHM (RF . - . o :
Extreme hydroclimatic events are increasingly challenging groundwater security. (RF) = Portion of Emilia-Romagna region (ltaly). 7000 km?2 east of the = Monitoring wells close to the rivers and the
= The recovery dynamics of aquifer systems after prolonged drought events remain = Comparison of groundwater heads = Simulation of groundwater head anomalies. river Secchia. boundary cells (less than 2 MODFLOW
poorly quantlfled' simulated by two mOdeIing approaches. = Distinction between shallow and deep aquifers . Large agricultural plain. The subsurface consists of multiple cells, ~2.8 km) are discarded.
= Both models are calibrated over the (Aquifer Group A and Aquifer Group B, respectively). aquifers in fluvial sediment deposits underlaid by marine = 40 monitoring wells considered in the
years 2010-2018, using groundwater = Setup for training and testing datasets: sediment. analysis.
How do climatic stressors and anthropogenic head observations from the regional o Training: data from 2010 to 2015 (~70%): = Aquifer Group A and Aquifer Group B are simulated.
: monitoring network (127 wells in the stud ' ’
pressures shape groundwater heag decline and area eacﬁ orov diné > measurements pei/ o Testing: data from 2016 to 2018 (~30%). i N o
post-drought rebound? ’
year). TYPE/GROUP VARIABLES
Hydrogeology |Vertical and horizontal hydraulic conductivity, 7 I
specific storage, specific yield
OBJECTIVES:
NUMERICAL GROUNDWATER Topography DEM
» Quantify the recovery time after a drought as a function of its duration FLOW MODEL (MF) Water Vertical and horizontal distance to the nearest
and intensity. - MODFLOW 6 and ModelMuse —— nae body S ot o .
, , ] . . . imatic recipitation (6 months cumulation), average AR
» Estimate the relative contribution of abstraction changes to driving = Based on a previous application of MODFLOW temperature, potential evapotranspiration (6 J\a::i
groundwater decline and recovery. to the whole Emilia-Romagna region by the months cumulation) N
5 A n e s ” : gife : ¢ iabl Regional Agency for Environmental Protection Land cover Land use coefficient (0-1) Lo
ssess the sensitivity of recovery times to different input variables. (ARPAE). Seihicies DL Ui, 7wl &7 -
> Assess the extent to which machine learning methods can replicate = Spatial resolution: 1 km (horizontal), 35 i’f"“”d""ater abstraction (5-10 years cumulation) Figure 3.3. Simulated area compared to the whole territory of Figure 4.1. Monitoring wells considered in the
physics-based models under unseen future scenarios. layers of variable thickness. 'me the Emilia-Romagna Region. analysis.
\ J \_ y, \_ _J/ \
5. CLIMATE AND PUMPING SCENARIOS 6. RESULTS
4 N
SCENARIO [ ooc oo o [ GROUNDWATER [ o oo o Vontp, | Precipitation ratel . [Precipitation rate INFLUENCE OF DROUGHT INFLUENCE OF DROUGHT INFLUENCE OF GROUNDWATER
(2019-2050) ABSTRACTION reduction (%) reduction (%) DURATION INTENSITY PUMPING
A1 Reduced Reference 1 year Jan. 16.3 Jul. 12.8 ME ME ME
A3 Reduced Reference 3 years Feb. 12.4 Aug. 23.5 0
A5 Reduced Reference 5 years Mar. 17.1 Sep. 15.1 50 <
B1 Red d Null 1 Apr. 20.5 Oct. 12.7 Series Scenarios Series Drought
educe - year May 11.8 Nov. 14.0 50 "->  duration
B3 Reduced Null 3 years Jun. 11 4 Dec. 21.0 ; i t;g ﬁ; Series Scenarios 30 - k;s 1
B5 Reduced Null 5 years 2 Sk=o [ 40 k=3 [ag : sk=o  NES
C1 Reduced -40% 1 year 5 (=3 [g : py ;i;g A3 g (=3 :
_ANO ‘g k=6 B3 Eso k=12 & kfa
83 Eeguceg 180;0 3 years = Imposition of a set of drought E” k=% |IB5 « k=3 let 0 Pt
O educe ' 0° o years conditions characterized by z tjg F1 20 L] + :jz gg Efé :
D1 Reduced -20 0/° 1 year reductions in precipitation and B A i ;ﬁ k=9 | years
D3 Reduced ~20% 3 years varied groundwater abstractions. g N ] . e
D5 Reduced -20(%) 5 yearS : - ’ k=6 G 1 : Drought dur?’ation (years) ) :
= Reduced +20% 1 = Evaluation of aquifer system’s k=g ©8 o \ !
educe o year behaviour under combined climatic 10 k=12 G5 Figure 6.2. MF. Represer]tatic_)n Of.RTS as a fUﬂCtIOﬂ of - Grou-ndwater pumping variation (%)
E3 Reduced +20% 3 years . . drounght duration, considering diferent precipitation . . .
and anthropogenic forcings. 1 ; 3 - 5 reduction scenarios. Figure 6.4. MF. Representation of RTs as a function of groundwater
ES5 Reduced +20% D years _ _ Drought duration (years) abstraction reduction introduced in different scenarios.
F1 Reduced +40% 1 year * Reference scenario (R): time Figure 6.1. MF. Representation of RTs as a function of drought RF
F3 SadlieEs +40% 3 years dependent |nput parameters are duration, COnSIdel’Ing different scenarios. RF RTs (months)
F5 Reduced +40% 5 years constant ai the seasonal scale, and RF 5 @ " Groundwater pumping variation (%)
G1 Null Reference 1 year equal to their average over 2014-2018. | | -100|-40|-20| 0 |+20|+40|-100|-40|-20| 0 |+20|+40|-100|-40|-20| 0 |+20|+40
G2 Null Reference 3 years RTs (months) ; Se':z Sce::"“ 3 |3.03.0[3.0{3.0{3.0[3.0[ 1.0 [1.0{1.0[{1.0[10[1.0][1.0[1.0{1.0{1.0]1.0[1.0
G Null Reference S years k | AM | A3 | A5 | B1 | B3 | B5 | F1 | F3 | F5 | G1 | G3 | G5 z n ETS e 6 |4.04.0{4.0{4.0/4.0/4.0{1.0(1.0/1.0{1.0{1.0{1.0|1.0{1.0{1.0(1.0{1.0[1.0
\_ / 3 | 30|10 |10 | 30|10 |10 | 30| 10 | 10| 3.0 | 3.0 | 3.0 s ¥ k=12 | A5 9 |5.0(50(50/5.0[5.0(5.0|1.0(1.0{1.0{1.0/1.0/1.0| 1.0 |1.0{1.0{1.0/1.0] 1.0
6 RECOVERY TIME 6 4.0 1.0 1.0 4.0 1.0 1.0 4.0 1.0 1.0 3.0 3.0 3.0 ﬁ Sk Sk Sk :::g g; 12 1 5.0 |5.0(5.0|5.0{5.0|5.0{1.0(1.0/1.0{1.0/1.0|1.0[ 1.0 (1.0|1.0{1.0|11.0]1.0
" 9 50 | 1.0 | 1.0 | 50 | 1.0 | 1.0 | 50 | 1.0 | 1.0 | 40 | 40 | 4.0 2 O k=9 . 1YEAR 3 YEARS 5 YEARS
* k=12
4 ) 72 (50 (10 | 10 | 50 | 10 | 10 | 50 | 10 | 10 | 23 | 23 | 23 Table 6.2. RF. RTs values for different drought durations and groundwater
= For each well, for each scenario X, the groundwater head (gwh) is considered recovered in the Table 6.1. RF. RTs values for different drought durations and groundwater 1 » » pumping variations.
first month in which: pumping variations. 1 % Drought duiation (eare) : = MF: the pumping regime strongly influences RTs.
- : : = MF: for droughts longer than 1 year, the highest RTs are simulated with a
Figure 6.3. RF. Representation of RTs as a function of ’
- « MF: 3-year droughts usually produce the longest RTs. droughtduration,ccl;ontsidering different precipitation 40% increase in groundwater pumping; for 1-year droughts, with a 20%
|gwhy (t) — gwhg(2)] This condition must be satisfied for - : reTHETION SEENATeS: decrease.
Z P S@_ k(3 6.9 12) . o+ = RF usually simulates higher RTs for 1-year droughts.
w t , 0, 9, consecutive montns. _ . _ = MF: even without pumping, RTs remain high (at least 1 year).
| / | lg R( \)‘l = RF: when there is no precipitation (scenarios G1, G2, G5), RTs do . RF simulates much shorter RTs than MF pumping B g (_ _ _ year) _
sg;:]hafign;lgietidnigt owh simulated in = not depend on drought duration. iy ) o - - | U = REF: results do not appear to be sensitive to variations in abstraction.
scenario R at time t » RF simulates much shorter RTs than MF. hi)giherrolgg's S longer than 1 year, higher drought intensity ieads 1o » RF simulates much shorter RTs than MF.
) 5 & TGy B B = RF: results do not appear to be sensitive to variations in input data. In terms of recovery times, longer, less intense droughts are = RF simulates higher RTs for 1-year droughts.
~ rel> ©stag’ ©var . : , . . . ” :
The time since the end of the = For 1-year droughts, RTs vary less than for longer droughts. preferable to shorter, more intense ones. RF: under the same pumping conditions, RTs remain unchanged,
drought (variations in | e =P Mean_pre [ &gag =9 a@mp | &var =S std_ref A _ _ suggesting a stronger influence of precipitation.
precipitation and/or pumping) AVERAGE WELL VALUE SEASONAL VARIABILITY NATURAL VARIABILITY = There is generally no strong influence of k values. = The influence of k increases with drought intensity. _ _
is considered mean_pre = average amp = std_ref over 12 months = There is generally no strong influence of k values.
: gwh before the drought = MaXonth — MiNmonth before the drought \_ J
p=0.05 q=0.1 S$=0.5 References
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