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Introduction

oStreamflow Is a critical determinant of

$= 8 ccological status. However, how flow
=3 regime and its alteration affect ecological

conditions remains an open scientific
challenge in temporary rivers.

«Streamflow regime characterization is
needed for eco-hydrological studies (i.e.
EF, Hydrological Status).

Hydrological models can be used to
simulate streamflow regime and its

. S alteration.




Objectives

 Predict streamflow in a river basin
with a temporary river oriented at
supporting eco-hydrological studies.

 Evaluate hydrological alterations
by using hydrological indicators.

 Test a hydrological method (RVA)
for setting an Environmental Flow In
a temporary river




Study area: Celone River Basin
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Methodology

Search information about river network and basin characteristics

Define surface water bodies
(fragmentation into river reaches)

~ o | Generate streamflow data Analyse measured

§ § (SWAT model) streamflow

22 | |

&9 Calculate Hydrological Calculate Hydrological Indicators
Indicators (based on measured streamflow data)

Comparison between the corresponding metrics
(Determine a correction factor for simulated extreme low flow) |

Calculate Hydrological Indicators
Post impact

measured streamflow data

Determine Hydrological alterations
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Simulating streamflow
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Hydrological Indicators

L/I/ﬁA\,
1 1/ \
The Indicators
of Hydrologic
Alteration

The Nature Conservancy, 2009
Richter et al., 1996, 1997

32 Hydrological indicators

*The magnitude of discharge at any given time
interval is the amount of water moving past a fixed
location per time unit (measure of availability or
suitability of habitat).

*The frequency of occurrence refers to how often a
flow above a given magnitude recurs over some
specified time intervals (can influence populations
dynamics).

*The duration is the period of time associated with a
specific flow condition (may determine if a life-cycle
phase can be completed).

*The timing of occurrence of flows of defined
magnitude refers to the regularity with which they occur
(can influence the degree of stress).

*The rate of change, or flashiness, refers to how
quickly flow changes from one magnitude to another.




Model calibration and validation
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Model uncertainty
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Gauging Station 1. (P-factor = 0.28; and R-factor = 0.20).

100
~ 107 We applied the Sequential
E O — Uncertainty Fitting (SUFI 2)
s 017 procedure to undertake the
= 001 FEE uncertainty analysis.
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Gauging Station 2. (P-factor = 0.41; and R-factor = 0.20).
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Seasonal Predictability (Sd6)
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46SIM9096 (3)

				Mesi/anni		Qmedia mens sul per di osserv		1990		1991		1992		1993		1994		1995		1996		Numero di mesi con deflusso nullo		num di mesi registrati		mesi del sem		Totale mesi con defl nullo		Frequenza

		semestre umido		D		0.431		0.1102		1.265		0.289		0.0517		0.961		0.0449		0.2955		0		7

				J		0.461		0.01618		0.4641		0.1975		0.03432		1.244		0.0834		1.188		0		7

				F		0.458		0		0.3003		0.0978		0.1477		0.6912		0.5855		1.38		1		7

				M		0.660		0.2109		1.019		1.592		0.0903		0.4726		0.3314		0.905		0		7

				A		0.172		0		0.287		0.2853		0.0592		0.1804		0.1321		0.2631		1		7

				M		0.071		0		0.1065		0.1221		0.0477		0.0742		0.0538		0.0949		1		7		42		3		0.0714285714

		semestre secco		J		0.025		0		0.01587		0.035		0.02081		0.0331		0.0373		0.03326		1		7

				J		0.010		0		0		0		0.007		0.01619		0.02545		0.01803		3		7

				A		0.004		0		0		0		0.0032		0.00893		0.01433		0.00397		3		7

				S		0.011		0		0		0		0.00042		0.00426		0.01142		0.0613		3		7

				O		0.018		0		0.0618		0		0.00363		0.00017		0.01007		0.0476		2		7

				N		0.352		0.4146		0.2485		0.037		0.6612		0		0.0695		1.031		1		7		42		13		0.3095238095

				Mf per anno				4		9		8		12		11		12		12

																																Year		January		February		March		April		May		June		July		August		September		October		November		December

		Num di mesi con defl		9.71																												1990		0.1752		0.08118		0.04555		0.2759		0.05452		0.02643		0.01639		0.01903		0.01537		0.01761		0.0489		0.4796																																								Rise rate		Fall rate		Reversals		Jan lowf		Feb lowf		Mar  lowf		Apr  lowf		May lowf		June lowf		July lowf		Aug lowf		Sept lowf		Oct lowf		Nov lowf		Dec lowf		Xlow1 peak		Xlow1 dur		Xlow1 time		Xlow1 freq		High1 peak		High1 dur		High1 time		High1 freq		High1 rise		High1 fall		Sfld1 peak		Sfld1 dur		Sfld1 time		Sfld1 freq		Sfld1 rise		Sfld1 fall		Lfld1 peak		Lfld1 dur		Lfld1 time		Lfld1 freq		Lfld1 rise		Lfld1 fall

		Mf		0.81		1																										1991		1.33		0.5291		0.3653		1.084		0.352		0.1715		0.08087		0.04352		0.03413		0.03329		0.1268		0.3135																																								0.4441		-0.1815		55		0.2158		0.1464		0.04158				0.1029						0.22						0.1417				0		20.9		93.3		10		4.03		22		256		3		2.773		-0.6317								0												0

																																1992		0.354		0.2625		0.1628		1.657		0.3503		0.1871		0.1		0.06229		0.05137		0.04842		0.04697		0.102																																								0.7257		-0.2446		72		0.26		0.2329		0.1974		0.1956		0.1789		0.05467		0.03		0.0175		0.015		0.02		0.057		0.115		0		14.33		229.1		9		0.9531		4.615		326.2		13		0.6702		-0.408		11.42		23		59		2		7.835		-0.5539								0

		Sd6		0.7692307692		1																										1993		0.1167		0.09932		0.2127		0.1553		0.1242		0.1127		0.08581		0.072		0.0682		0.06542		0.06863		0.7262																																								0.377		-0.2228		78		0.1692		0.1988		0.1729		0.2233		0.0925		0.01111		0.01273												0		27.71		172.3		7		0.4329		2.714		38.57		7		0.14		-0.084								0						15.6		25		101		1		7.67		-0.6404

																																1994		1.026		1.309		0.7562		0.5376		0.2454		0.1392		0.0981		0.08119		0.07393		0.06926		0.06517		0.06081																																								0.7304		-0.2905		58		0.1786		0.1337				0.1858		0.1554		0.05												0.09231		0		177		159		1		1.376		4.143		24.14		7		0.8818		-0.2636		10.06		61		28.5		2		4.92		-0.1724								0

																																1995		0.1099		0.1484		0.6505		0.3964		0.1971		0.1188		0.1023		0.09045		0.07933		0.07642		0.07507		0.1345																																								0.7045		-0.2715		31						0.1475		0.1592		0.1032		0.045														0		117		159		2		0.68		4		104		1		0.1767		-0.21								0												0

																																1996		0.3605		1.253		1.445		0.97		0.3281		0.1599		0.09826		0.08303		0.06897		0.1263		0.1126		1.096																																								0.6009		-0.2982		44		0.12		0.1894		0.15				0.13		0.05												0.15		0		102.5		153.5		2		2.975		22.75		68.25		4		0.9367		-0.1491								0												0

																																																																																																0.7424		-0.3132		59		0.204						0.24		0.1748		0.075														0		40.75		173		4		1.66		10.83		126.7		6		0.5667		-0.1623		6.94		90		78		1		0.1378		-0.1595								0

																																																																																																0.5505		-0.0559		31		0.1263		0.07854		0.04294		0.08292		0.05229		0.0305		0.02252		0.02042		0.02003		0.02039		0.05987		0.1495								0		2.382		10.75		291.5		4		1.305		-0.2944								0												0

																																																																																																1.326		-0.1526		40		0.2493				0.2358		0.2217		0.2375		0.1559		0.07716		0.04574		0.0373		0.035		0.0727		0.1979								0		0.9776		5.143		17.29		7		0.7318		-0.1067		9.016		42		104		1		4.408		-0.2137		18.33		54		15		1		18.09		-0.3346

																																Year		1990		1991		1992		1993		1994		1995		1996																																																		0.9181		-0.06296		28		0.2011		0.2165		0.1485		0.1822		0.2448		0.1743		0.09816		0.0659		0.05487		0.05006		0.04813		0.08666								0		0.557		6		18.67		3		0.2067		-0.06333		11.11		45		102		1		10.94		-0.2412								0

																																January		0.1752		1.33		0.354		0.1167		1.026		0.1099		0.3605																																																		0.2358		-0.06164		33		0.1165		0.09458		0.174		0.151		0.1284		0.1143		0.08932		0.07726		0.0719		0.06713		0.08073		0.1665								0		0.428		4		17.33		3		0.1473		-0.06425		10.74		129		361		1		5.259		-0.08191								0

																																February		0.08118		0.5291		0.2625		0.09932		1.309		0.1484		1.253

																																March		0.04555		0.3653		0.1628		0.2127		0.7562		0.6505		1.445

																																April		0.2759		1.084		1.657		0.1553		0.5376		0.3964		0.97

																																May		0.05452		0.352		0.3503		0.1242		0.2454		0.1971		0.3281

																																June		0.02643		0.1715		0.1871		0.1127		0.1392		0.1188		0.1599

																																July		0.01639		0.08087		0.1		0.08581		0.0981		0.1023		0.09826

																																August		0.01903		0.04352		0.06229		0.072		0.08119		0.09045		0.08303

																																September		0.01537		0.03413		0.05137		0.0682		0.07393		0.07933		0.06897

																																October		0.01761		0.03329		0.04842		0.06542		0.06926		0.07642		0.1263

																																November		0.0489		0.1268		0.04697		0.06863		0.06517		0.07507		0.1126

																																December		0.4796		0.3135		0.102		0.7262		0.06081		0.1345		1.096

																																		0.1102		1.265		0.289		0.0517		0.961		0.0449		0.2955

																																		0.01618		0.4641		0.1975		0.03432		1.244		0.0834		1.188

																																		0		0.3003		0.0978		0.1477		0.6912		0.5855		1.38

																																		0.2109		1.019		1.592		0.0903		0.4726		0.3314		0.905

																																		0		0.287		0.2853		0.0592		0.1804		0.1321		0.2631

																																		0		0.1065		0.1221		0.0477		0.0742		0.0538		0.0949

																																		0		0.01587		0.035		0.02081		0.0331		0.0373		0.03326

																																		0		0		0		0.007		0.01619		0.02545		0.01803

																																		0		0		0		0.0032		0.00893		0.01433		0.00397

																																		0		0		0		0.00042		0.00426		0.01142		0.0613

																																		0		0.0618		0		0.00363		0.00017		0.01007		0.0476

																																		0.4146		0.2485		0.037		0.6612		0		0.0695		1.031
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46Mis9096 (3)

				Mesi/anni		Qmedia mens sul per di osserv		1990		1991		1992		1993		1994		1995		Numero di mesi con deflusso nullo		num di mesi registrati		mesi del sem		Totale mesi con defl nullo		Frequenza

		semestre umido		D		0.357		0.67		0.7116		0.3532		0.4045		0		0		2		6

				J		2.468		0.06		10.52		0.2165		0.9194		2.801		0.2935		0		6

				F		1.179		0.001786		1.728		0.3917		0.5086		3.93		0.5132		0		6

				M		0.865		0		0.8503		0.2165		2.202		0.1581		1.762		1		6

				A		2.404		0.058		10.26		1.965		0.831		0.1747		1.134		0		6

				M		0.339		0		0.9648		0.1752		0.5984		0.1023		0.1942		1		6		36		4		0.1111111111

		semestre secco		J		0.230		0		0.06267		0.578		0		0.425		0.317		2		6

				J		0.477		0		0		1.158		0		0.6329		1.071		3		6

				A		0.194		0.0009677		0.07774		0.41		0		0.3606		0.3142		1		6

				S		0.023		0		0		0.1367		0		0		0		5		6

				O		0.033		0		0		0.1997		0		0		0		5		6

				N		0.176		0.1073		0.5973		0.3537		0		0		0		3		6		36		19		0.5277777778

				Mf per anno				6		9		12		6		8		8

																														1990		0.06		0.001786		0		0.058		0		0		0		0.0009677		0		0		0.1073		0.67

		Num di mesi con defl		8.17																										1991		10.52		1.728		0.8503		10.26		0.9648		0.06267		0		0.07774		0		0		0.5973		0.7116																																								Rise rate		Fall rate		Reversals		Jan lowf		Feb lowf		Mar  lowf		Apr  lowf		May lowf		June lowf		July lowf		Aug lowf		Sept lowf		Oct lowf		Nov lowf		Dec lowf		Xlow1 peak		Xlow1 dur		Xlow1 time		Xlow1 freq		High1 peak		High1 dur		High1 time		High1 freq		High1 rise		High1 fall		Sfld1 peak		Sfld1 dur		Sfld1 time		Sfld1 freq		Sfld1 rise		Sfld1 fall		Lfld1 peak		Lfld1 dur		Lfld1 time		Lfld1 freq		Lfld1 rise		Lfld1 fall

		Mf		0.68		1																								1992		0.2165		0.3917		0.2165		1.965		0.1752		0.578		1.158		0.41		0.1367		0.1997		0.3537		0.3532																																								0.4441		-0.1815		55		0.2158		0.1464		0.04158				0.1029						0.22						0.1417				0		20.9		93.3		10		4.03		22		256		3		2.773		-0.6317								0												0

																														1993		0.9194		0.5086		2.202		0.831		0.5984		0		0		0		0		0		0		0.4045																																								0.7257		-0.2446		72		0.26		0.2329		0.1974		0.1956		0.1789		0.05467		0.03		0.0175		0.015		0.02		0.057		0.115		0		14.33		229.1		9		0.9531		4.615		326.2		13		0.6702		-0.408		11.42		23		59		2		7.835		-0.5539								0

		Sd6		0.7894736842		1																								1994		2.801		3.93		0.1581		0.1747		0.1023		0.425		0.6329		0.3606		0		0		0		0																																								0.377		-0.2228		78		0.1692		0.1988		0.1729		0.2233		0.0925		0.01111		0.01273												0		27.71		172.3		7		0.4329		2.714		38.57		7		0.14		-0.084								0						15.6		25		101		1		7.67		-0.6404

																														1995		0.2935		0.5132		1.762		1.134		0.1942		0.317		1.071		0.3142		0		0		0		0																																								0.7304		-0.2905		58		0.1786		0.1337				0.1858		0.1554		0.05												0.09231		0		177		159		1		1.376		4.143		24.14		7		0.8818		-0.2636		10.06		61		28.5		2		4.92		-0.1724								0

																																																																																														0.7045		-0.2715		31						0.1475		0.1592		0.1032		0.045														0		117		159		2		0.68		4		104		1		0.1767		-0.21								0												0

																																																																																														0.6009		-0.2982		44		0.12		0.1894		0.15				0.13		0.05												0.15		0		102.5		153.5		2		2.975		22.75		68.25		4		0.9367		-0.1491								0												0

																																																																																														0.7424		-0.3132		59		0.204						0.24		0.1748		0.075														0		40.75		173		4		1.66		10.83		126.7		6		0.5667		-0.1623		6.94		90		78		1		0.1378		-0.1595								0

																																																																																														0.5505		-0.0559		31		0.1263		0.07854		0.04294		0.08292		0.05229		0.0305		0.02252		0.02042		0.02003		0.02039		0.05987		0.1495								0		2.382		10.75		291.5		4		1.305		-0.2944								0												0

																																																																																														1.326		-0.1526		40		0.2493				0.2358		0.2217		0.2375		0.1559		0.07716		0.04574		0.0373		0.035		0.0727		0.1979								0		0.9776		5.143		17.29		7		0.7318		-0.1067		9.016		42		104		1		4.408		-0.2137		18.33		54		15		1		18.09		-0.3346

																																																																																														0.9181		-0.06296		28		0.2011		0.2165		0.1485		0.1822		0.2448		0.1743		0.09816		0.0659		0.05487		0.05006		0.04813		0.08666								0		0.557		6		18.67		3		0.2067		-0.06333		11.11		45		102		1		10.94		-0.2412								0

																																																																																														0.2358		-0.06164		33		0.1165		0.09458		0.174		0.151		0.1284		0.1143		0.08932		0.07726		0.0719		0.06713		0.08073		0.1665								0		0.428		4		17.33		3		0.1473		-0.06425		10.74		129		361		1		5.259		-0.08191								0

																														1990		1991		1992		1993		1994		1995

																														0.67		0.7116		0.3532		0.4045		0		0

																														0.06		10.52		0.2165		0.9194		2.801		0.2935

																														0.001786		1.728		0.3917		0.5086		3.93		0.5132

																														0		0.8503		0.2165		2.202		0.1581		1.762

																														0.058		10.26		1.965		0.831		0.1747		1.134

																														0		0.9648		0.1752		0.5984		0.1023		0.1942

																														0		0.06267		0.578		0		0.425		0.317

																														0		0		1.158		0		0.6329		1.071

																														0.0009677		0.07774		0.41		0		0.3606		0.3142

																														0		0		0.1367		0		0		0

																														0		0		0.1997		0		0		0

																														0.1073		0.5973		0.3537		0		0		0
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46SIM9096 (2)

				Mesi/anni		Qmedia mens sul per di osserv		1990		1991		1992		1993		1994		1995		1996		Numero di mesi con deflusso nullo		num di mesi registrati		mesi del sem		Totale mesi con defl nullo		Frequenza

		semestre umido		D		0.496		0.1752		1.33		0.354		0.1167		1.026		0.1099		0.3605		0		7

				J		0.526		0.08118		0.5291		0.2625		0.09932		1.309		0.1484		1.253		0		7

				F		0.520		0.04555		0.3653		0.1628		0.2127		0.7562		0.6505		1.445		0		7

				M		0.725		0.2759		1.084		1.657		0.1553		0.5376		0.3964		0.97		0		7

				A		0.236		0.05452		0.352		0.3503		0.1242		0.2454		0.1971		0.3281		0		7

				M		0.131		0.02643		0.1715		0.1871		0.1127		0.1392		0.1188		0.1599		0		7		42		0		0

		semestre secco		J		0.083		0.01639		0.08087		0.1		0.08581		0.0981		0.1023		0.09826		0		7

				J		0.065		0.01903		0.04352		0.06229		0.072		0.08119		0.09045		0.08303		0		7

				A		0.056		0.01537		0.03413		0.05137		0.0682		0.07393		0.07933		0.06897		0		7

				S		0.062		0.01761		0.03329		0.04842		0.06542		0.06926		0.07642		0.1263		0		7

				O		0.078		0.0489		0.1268		0.04697		0.06863		0.06517		0.07507		0.1126		0		7

				N		0.416		0.4796		0.3135		0.102		0.7262		0.06081		0.1345		1.096		0		7		42		0		0

				Mf per anno				12		12		12		12		12		12		12

																																Year		January		February		March		April		May		June		July		August		September		October		November		December

		Num di mesi con defl		12.00																												1990		0.1752		0.08118		0.04555		0.2759		0.05452		0.02643		0.01639		0.01903		0.01537		0.01761		0.0489		0.4796																																								Rise rate		Fall rate		Reversals		Jan lowf		Feb lowf		Mar  lowf		Apr  lowf		May lowf		June lowf		July lowf		Aug lowf		Sept lowf		Oct lowf		Nov lowf		Dec lowf		Xlow1 peak		Xlow1 dur		Xlow1 time		Xlow1 freq		High1 peak		High1 dur		High1 time		High1 freq		High1 rise		High1 fall		Sfld1 peak		Sfld1 dur		Sfld1 time		Sfld1 freq		Sfld1 rise		Sfld1 fall		Lfld1 peak		Lfld1 dur		Lfld1 time		Lfld1 freq		Lfld1 rise		Lfld1 fall

		Mf		1.00		1																										1991		1.33		0.5291		0.3653		1.084		0.352		0.1715		0.08087		0.04352		0.03413		0.03329		0.1268		0.3135																																								0.4441		-0.1815		55		0.2158		0.1464		0.04158				0.1029						0.22						0.1417				0		20.9		93.3		10		4.03		22		256		3		2.773		-0.6317								0												0

																																1992		0.354		0.2625		0.1628		1.657		0.3503		0.1871		0.1		0.06229		0.05137		0.04842		0.04697		0.102																																								0.7257		-0.2446		72		0.26		0.2329		0.1974		0.1956		0.1789		0.05467		0.03		0.0175		0.015		0.02		0.057		0.115		0		14.33		229.1		9		0.9531		4.615		326.2		13		0.6702		-0.408		11.42		23		59		2		7.835		-0.5539								0

		Sd6		0		1																										1993		0.1167		0.09932		0.2127		0.1553		0.1242		0.1127		0.08581		0.072		0.0682		0.06542		0.06863		0.7262																																								0.377		-0.2228		78		0.1692		0.1988		0.1729		0.2233		0.0925		0.01111		0.01273												0		27.71		172.3		7		0.4329		2.714		38.57		7		0.14		-0.084								0						15.6		25		101		1		7.67		-0.6404

																																1994		1.026		1.309		0.7562		0.5376		0.2454		0.1392		0.0981		0.08119		0.07393		0.06926		0.06517		0.06081																																								0.7304		-0.2905		58		0.1786		0.1337				0.1858		0.1554		0.05												0.09231		0		177		159		1		1.376		4.143		24.14		7		0.8818		-0.2636		10.06		61		28.5		2		4.92		-0.1724								0

																																1995		0.1099		0.1484		0.6505		0.3964		0.1971		0.1188		0.1023		0.09045		0.07933		0.07642		0.07507		0.1345																																								0.7045		-0.2715		31						0.1475		0.1592		0.1032		0.045														0		117		159		2		0.68		4		104		1		0.1767		-0.21								0												0

																																1996		0.3605		1.253		1.445		0.97		0.3281		0.1599		0.09826		0.08303		0.06897		0.1263		0.1126		1.096																																								0.6009		-0.2982		44		0.12		0.1894		0.15				0.13		0.05												0.15		0		102.5		153.5		2		2.975		22.75		68.25		4		0.9367		-0.1491								0												0

																																																																																																0.7424		-0.3132		59		0.204						0.24		0.1748		0.075														0		40.75		173		4		1.66		10.83		126.7		6		0.5667		-0.1623		6.94		90		78		1		0.1378		-0.1595								0

																																																																																																0.5505		-0.0559		31		0.1263		0.07854		0.04294		0.08292		0.05229		0.0305		0.02252		0.02042		0.02003		0.02039		0.05987		0.1495								0		2.382		10.75		291.5		4		1.305		-0.2944								0												0

																																																																																																1.326		-0.1526		40		0.2493				0.2358		0.2217		0.2375		0.1559		0.07716		0.04574		0.0373		0.035		0.0727		0.1979								0		0.9776		5.143		17.29		7		0.7318		-0.1067		9.016		42		104		1		4.408		-0.2137		18.33		54		15		1		18.09		-0.3346

																																Year		1990		1991		1992		1993		1994		1995		1996																																																		0.9181		-0.06296		28		0.2011		0.2165		0.1485		0.1822		0.2448		0.1743		0.09816		0.0659		0.05487		0.05006		0.04813		0.08666								0		0.557		6		18.67		3		0.2067		-0.06333		11.11		45		102		1		10.94		-0.2412								0

																																January		0.1752		1.33		0.354		0.1167		1.026		0.1099		0.3605																																																		0.2358		-0.06164		33		0.1165		0.09458		0.174		0.151		0.1284		0.1143		0.08932		0.07726		0.0719		0.06713		0.08073		0.1665								0		0.428		4		17.33		3		0.1473		-0.06425		10.74		129		361		1		5.259		-0.08191								0

																																February		0.08118		0.5291		0.2625		0.09932		1.309		0.1484		1.253

																																March		0.04555		0.3653		0.1628		0.2127		0.7562		0.6505		1.445

																																April		0.2759		1.084		1.657		0.1553		0.5376		0.3964		0.97

																																May		0.05452		0.352		0.3503		0.1242		0.2454		0.1971		0.3281

																																June		0.02643		0.1715		0.1871		0.1127		0.1392		0.1188		0.1599

																																July		0.01639		0.08087		0.1		0.08581		0.0981		0.1023		0.09826

																																August		0.01903		0.04352		0.06229		0.072		0.08119		0.09045		0.08303

																																September		0.01537		0.03413		0.05137		0.0682		0.07393		0.07933		0.06897

																																October		0.01761		0.03329		0.04842		0.06542		0.06926		0.07642		0.1263

																																November		0.0489		0.1268		0.04697		0.06863		0.06517		0.07507		0.1126

																																December		0.4796		0.3135		0.102		0.7262		0.06081		0.1345		1.096
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55Sim9096 (2)

				Mesi/anni		Qmedia mens sul per di osserv		1990		1991		1992		1993		1994		1995		1996		Numero di mesi con deflusso nullo		num di mesi registrati		mesi del sem		Totale mesi con defl nullo		Frequenza

		semestre umido		D		0.386		0.5063		0.2826		0.0435		0.8929		-0.00094		0.0889		0.8921		0		7

				J		0.422		0.1038		1.223		0.2593		0.0617		0.8443		0.0614		0.3997		0		7

				F		0.435		0.01854		0.4688		0.172		0.059		0.996		0.089		1.241		0		7

				M		0.422		0		0.3415		0.0885		0.148		0.3786		0.6139		1.383		1		7

				A		0.650		0.227		1		1.666		0.091		0.4033		0.3389		0.825		0		7

				M		0.152		0		0.246		0.2477		0.0684		0.1425		0.1192		0.2404		1		7		42		2		0.0476190476

		semestre secco		J		0.068		0		0.0959		0.1143		0.0543		0.0675		0.0568		0.0889		1		7

				J		0.030		0		0.01716		0.03816		0.02932		0.03794		0.0489		0.03829		1		7

				A		0.014		0		0		0.0059		0.01726		0.02387		0.03168		0.01855		2		7

				S		0.000		0		0		0		0.0119		0.0154		0.02123		0.00943		3		7

				O		0.015		0		0		0		0.00713		0.00894		0.01739		0.071		3		7

				N		0.036		0		0.1371		0		0.02073		0.0036		0.0146		0.0776		2		7		42		12		0.2857142857

				Mf per anno				4		9		9		12		11		12		12

		Num di mesi con defl		9.86

		Mf		0.82

																																		1997		0.1638		0.07854		0.04294		0.287		0.05229		0.0305		0.02252		0.02042		0.02003		0.02039		0.05987		0.5663

		Sd6		0.8333333333																														1998		1.283		0.5288		0.4015		1.06		0.306		0.1559		0.07716		0.04574		0.0373		0.035		0.1971		0.3426

																																		1999		0.3193		0.232		0.1485		1.726		0.3077		0.1743		0.09816		0.0659		0.05487		0.05006		0.04813		0.1035

																																		2000		0.1217		0.119		0.208		0.151		0.1284		0.1143		0.08932		0.07726		0.0719		0.06713		0.08073		0.9529

																																		2001		0.9043		1.056		0.4386		0.4633		0.2025		0.1275		0.09794		0.08387		0.0754		0.06894		0.0636		0.05906

																																		2002		0.1214		0.149		0.6739		0.3989		0.1792		0.1168		0.1089		0.09168		0.08123		0.07739		0.0746		0.1489

																																		2003		0.4597		1.301		1.443		0.885		0.3004		0.1489		0.09829		0.07855		0.06943		0.131		0.1376		0.9521

																																		1997		1998		1999		2000		2001		2002		2003

																																D		0.566		0.343		0.104		0.953		0.059		0.149		0.952

																																J		0.164		1.283		0.319		0.122		0.904		0.121		0.460

																																F		0.079		0.529		0.232		0.119		1.056		0.149		1.301

																																M		0.043		0.402		0.149		0.208		0.439		0.674		1.443

																																A		0.287		1.060		1.726		0.151		0.463		0.399		0.885

																																M		0.052		0.306		0.308		0.128		0.203		0.179		0.300

																																J		0.031		0.156		0.174		0.114		0.128		0.117		0.149

																																J		0.023		0.077		0.098		0.089		0.098		0.109		0.098

																																A		0.020		0.046		0.066		0.077		0.084		0.092		0.079

																																S		0.020		0.037		0.055		0.072		0.075		0.081		0.069

																																O		0.020		0.035		0.050		0.067		0.069		0.077		0.131

																																N		0.060		0.197		0.048		0.081		0.064		0.075		0.138

																																D		0.506		0.283		0.044		0.893		-0.001		0.089		0.892

																																J		0.104		1.223		0.259		0.062		0.844		0.061		0.400

																																F		0.019		0.469		0.172		0.059		0.996		0.089		1.241

																																M		0.000		0.342		0.089		0.148		0.379		0.614		1.383

																																A		0.227		1.000		1.666		0.091		0.403		0.339		0.825

																																M		0.000		0.246		0.248		0.068		0.143		0.119		0.240

																																J		0.000		0.096		0.114		0.054		0.068		0.057		0.089

																																J		0.000		0.017		0.038		0.029		0.038		0.049		0.038

																																A		0.000		0.000		0.006		0.017		0.024		0.032		0.019

																																S		0.000		0.000		0.000		0.012		0.015		0.021		0.009

																																O		0.000		0.000		0.000		0.007		0.009		0.017		0.071

																																N		-0.000		0.137		0.000		0.021		0.004		0.015		0.078
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55Sim9096

				Mesi/anni		Qmedia mens sul per di osserv		1990		1991		1992		1993		1994		1995		1996		Numero di mesi con deflusso nullo		num di mesi registrati		mesi del sem		Totale mesi con defl nullo		Frequenza

		semestre umido		D		0.446		0.5663		0.3426		0.1035		0.9529		0.05906		0.1489		0.9521		0		7

				J		0.482		0.1638		1.283		0.3193		0.1217		0.9043		0.1214		0.4597		0		7

				F		0.495		0.07854		0.5288		0.232		0.119		1.056		0.149		1.301		0		7

				M		0.479		0.04294		0.4015		0.1485		0.208		0.4386		0.6739		1.443		0		7

				A		0.710		0.287		1.06		1.726		0.151		0.4633		0.3989		0.885		0		7

				M		0.211		0.05229		0.306		0.3077		0.1284		0.2025		0.1792		0.3004		0		7		42		0		0

		semestre secco		J		0.124		0.0305		0.1559		0.1743		0.1143		0.1275		0.1168		0.1489		0		7

				J		0.085		0.02252		0.07716		0.09816		0.08932		0.09794		0.1089		0.09829		0		7

				A		0.066		0.02042		0.04574		0.0659		0.07726		0.08387		0.09168		0.07855		0		7

				S		0.059		0.02003		0.0373		0.05487		0.0719		0.0754		0.08123		0.06943		0		7

				O		0.064		0.02039		0.035		0.05006		0.06713		0.06894		0.07739		0.131		0		7

				N		0.095		0.05987		0.1971		0.04813		0.08073		0.0636		0.0746		0.1376		0		7		42		0		0

				Mf per anno				12		12		12		12		12		12		12

		Num di mesi con defl		12.00

		Mf		1.00

																																		1997		0.1638		0.07854		0.04294		0.287		0.05229		0.0305		0.02252		0.02042		0.02003		0.02039		0.05987		0.5663

		Sd6		1																														1998		1.283		0.5288		0.4015		1.06		0.306		0.1559		0.07716		0.04574		0.0373		0.035		0.1971		0.3426

																																		1999		0.3193		0.232		0.1485		1.726		0.3077		0.1743		0.09816		0.0659		0.05487		0.05006		0.04813		0.1035

																																		2000		0.1217		0.119		0.208		0.151		0.1284		0.1143		0.08932		0.07726		0.0719		0.06713		0.08073		0.9529

																																		2001		0.9043		1.056		0.4386		0.4633		0.2025		0.1275		0.09794		0.08387		0.0754		0.06894		0.0636		0.05906

																																		2002		0.1214		0.149		0.6739		0.3989		0.1792		0.1168		0.1089		0.09168		0.08123		0.07739		0.0746		0.1489

																																		2003		0.4597		1.301		1.443		0.885		0.3004		0.1489		0.09829		0.07855		0.06943		0.131		0.1376		0.9521

																																		1997		1998		1999		2000		2001		2002		2003

																																		0.5663		0.3426		0.1035		0.9529		0.05906		0.1489		0.9521

																																		0.1638		1.283		0.3193		0.1217		0.9043		0.1214		0.4597

																																		0.07854		0.5288		0.232		0.119		1.056		0.149		1.301

																																		0.04294		0.4015		0.1485		0.208		0.4386		0.6739		1.443

																																		0.287		1.06		1.726		0.151		0.4633		0.3989		0.885

																																		0.05229		0.306		0.3077		0.1284		0.2025		0.1792		0.3004

																																		0.0305		0.1559		0.1743		0.1143		0.1275		0.1168		0.1489

																																		0.02252		0.07716		0.09816		0.08932		0.09794		0.1089		0.09829

																																		0.02042		0.04574		0.0659		0.07726		0.08387		0.09168		0.07855

																																		0.02003		0.0373		0.05487		0.0719		0.0754		0.08123		0.06943

																																		0.02039		0.035		0.05006		0.06713		0.06894		0.07739		0.131

																																		0.05987		0.1971		0.04813		0.08073		0.0636		0.0746		0.1376

																																		0.5663		0.3426		0.1035		0.9529		0.05906		0.1489		0.9521
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				Mesi/anni		Qmedia mens sul per di osserv		1990		1991		1992		1993		1994		1995		1996		Numero di mesi con deflusso nullo		num di mesi registrati		mesi del sem		Totale mesi con defl nullo		Frequenza

		semestre umido		D		0.514		0.8858		0.3165		0		1.215		0		0.2029		0.9758		2		7

				J		0.696		0.3132		1.017		0.2932		0.3758		1.406		0.6865		0.7768		0		7

				F		0.737		0.1464		0.4057		0.21		0.1396		1.69		0.4293		2.135		0		7

				M		0.718		0.02548		0.2319		0.1729		1.538		0.2155		1.079		1.761		0		7

				A		0.808		0.4897		0.937		1.649		0.4533		0.203		1.21		0.7118		0		7

				M		0.212		0.05645		0.2616		0.1145		0.301		0.08323		0.3116		0.3529		0		7		42		2		0.0476190476

		semestre secco		J		0.014		0		0.02733		0.003333		0.01		0.009		0.006667		0.04		1		7

				J		0.001		0		0.0009677		0.004516		0		0		0		0		5		7

				A		0.016		0.007097		0.1071		0		0		0		0		0		5		7

				S		0.000		0		0.002		0		0		0		0		0		6		7

				O		0.000		0		0.001935		0		0		0		0		0		6		7

				N		0.067		0.155		0.2247		0		0		0		0		0.08833		4		7		42		27		0.6428571429

				Mf per anno				8		12		7		7		6		7		8

		Num di mesi con defl		7.86																														Year		January		February		March		April		May		June		July		August		September		October		November		December		1-day min		3-day min		7-day min		30-day min		90-day min		1-day max		3-day max		7-day max		30-day max		90-day max		Zero days		Base flow		Date min		Date max		Lo pulse #		Lo pulse L		Hi pulse #		Hi pulse L		Rise rate		Fall rate		Reversals		Jan lowf		Feb lowf		Mar  lowf		Apr  lowf		May lowf		June lowf		July lowf		Aug lowf		Sept lowf		Oct lowf		Nov lowf		Dec lowf		Xlow1 peak		Xlow1 dur		Xlow1 time		Xlow1 freq		High1 peak		High1 dur		High1 time		High1 freq		High1 rise		High1 fall		Sfld1 peak		Sfld1 dur		Sfld1 time		Sfld1 freq		Sfld1 rise		Sfld1 fall		Lfld1 peak		Lfld1 dur		Lfld1 time		Lfld1 freq		Lfld1 rise		Lfld1 fall

		Mf		0.65		1																												1990		0.3132		0.1464		0.02548		0.4897		0.05645		0		0		0.007097		0		0		0.155		0.8858		0		0		0		0		0		4.88		2.243		1.5		0.8953		0.3568		209		0		66		101		0				6		1.333		0.4441		-0.1815		55		0.2158		0.1464		0.04158				0.1029						0.22						0.1417				0		20.9		93.3		10		4.03		22		256		3		2.773		-0.6317								0												0

																																		1991		1.017		0.4057		0.2319		0.937		0.2616		0.02733		0.0009677		0.1071		0.002		0.001935		0.2247		0.3165		0		0		0		0		0.002778		13.7		6.13		3.096		1.041		0.6709		129		0		165		15		0				6		1.833		0.7257		-0.2446		72		0.26		0.2329		0.1974		0.1956		0.1789		0.05467		0.03		0.0175		0.015		0.02		0.057		0.115		0		14.33		229.1		9		0.9531		4.615		326.2		13		0.6702		-0.408		11.42		23		59		2		7.835		-0.5539								0

		Sd6		0.9259259259		1																												1992		0.2932		0.21		0.1729		1.649		0.1145		0.003333		0.004516		0		0		0		0		0		0		0		0		0		0		15.6		10.44		5.114		1.655		0.6796		194		0		155		101		0				2		3		0.377		-0.2228		78		0.1692		0.1988		0.1729		0.2233		0.0925		0.01111		0.01273												0		27.71		172.3		7		0.4329		2.714		38.57		7		0.14		-0.084								0						15.6		25		101		1		7.67		-0.6404

																																		1993		0.3758		0.1396		1.538		0.4533		0.301		0.01		0		0		0		0		0		1.215		0		0		0		0		0		10.7		6.293		3.574		1.566		0.7851		177		0		159		62		0				8		3.5		0.7304		-0.2905		58		0.1786		0.1337				0.1858		0.1554		0.05												0.09231		0		177		159		1		1.376		4.143		24.14		7		0.8818		-0.2636		10.06		61		28.5		2		4.92		-0.1724								0

																																		1994		1.406		1.69		0.2155		0.203		0.08323		0.009		0		0		0		0		0		0		0		0		0		0		0		5.88		4.757		3.346		1.621		1.084		214		0		147		52		0				5		4.6		0.7045		-0.2715		31						0.1475		0.1592		0.1032		0.045														0		117		159		2		0.68		4		104		1		0.1767		-0.21								0												0

																																		1995		0.6865		0.4293		1.079		1.21		0.3116		0.006667		0		0		0		0		0		0.2029		0		0		0		0		0		6.22		3.94		2.697		1.3		1.046		225		0		1		24		0				11		2.727		0.6009		-0.2982		44		0.12		0.1894		0.15				0.13		0.05												0.15		0		102.5		153.5		2		2.975		22.75		68.25		4		0.9367		-0.1491								0												0

																																		1996		0.7768		2.135		1.761		0.7118		0.3529		0.04		0		0		0		0		0.08833		0.9758		0		0		0		0		0		6.94		5.127		3.77		2.289		1.607		163		0		165		78		0				15		3.733		0.7424		-0.3132		59		0.204						0.24		0.1748		0.075														0		40.75		173		4		1.66		10.83		126.7		6		0.5667		-0.1623		6.94		90		78		1		0.1378		-0.1595								0

																																		1997		0.1638		0.07854		0.04294		0.287		0.05229		0.0305		0.02252		0.02042		0.02003		0.02039		0.05987		0.5663		0.019		0.01967		0.01986		0.01997		0.02021		4.461		1.936		1.082		0.576		0.2216		0		0.1739		249		101		0				3		1		0.5505		-0.0559		31		0.1263		0.07854		0.04294		0.08292		0.05229		0.0305		0.02252		0.02042		0.02003		0.02039		0.05987		0.1495								0		2.382		10.75		291.5		4		1.305		-0.2944								0												0

																																		1998		1.283		0.5288		0.4015		1.06		0.306		0.1559		0.07716		0.04574		0.0373		0.035		0.1971		0.3426		0.035		0.035		0.035		0.035		0.03671		18.33		8.484		4.473		1.427		0.9108		0		0.09426		274		15		0				5		2.4		1.326		-0.1526		40		0.2493				0.2358		0.2217		0.2375		0.1559		0.07716		0.04574		0.0373		0.035		0.0727		0.1979								0		0.9776		5.143		17.29		7		0.7318		-0.1067		9.016		42		104		1		4.408		-0.2137		18.33		54		15		1		18.09		-0.3346

																																		1999		0.3193		0.232		0.1485		1.726		0.3077		0.1743		0.09816		0.0659		0.05487		0.05006		0.04813		0.1035		0.046		0.046		0.04629		0.04767		0.05029		11.11		8.534		5.239		1.787		0.7383		0		0.1681		319		102		0				2		5		0.9181		-0.06296		28		0.2011		0.2165		0.1485		0.1822		0.2448		0.1743		0.09816		0.0659		0.05487		0.05006		0.04813		0.08666								0		0.557		6		18.67		3		0.2067		-0.06333		11.11		45		102		1		10.94		-0.2412								0

																																		2000		0.1217		0.119		0.208		0.151		0.1284		0.1143		0.08932		0.07726		0.0719		0.06713		0.08073		0.9529		0.065		0.065		0.065		0.06557		0.06857		10.74		6.697		3.561		0.9796		0.3767		0		0.3552		306		361		0				1		5		0.2358		-0.06164		33		0.1165		0.09458		0.174		0.151		0.1284		0.1143		0.08932		0.07726		0.0719		0.06713		0.08073		0.1665								0		0.428		4		17.33		3		0.1473		-0.06425		10.74		129		361		1		5.259		-0.08191								0

																																		Year		1990		1991		1992		1993		1994		1995		1996		1997		1998		1999		2000

																																		December		0.8858		0.3165		0		1.215		0		0.2029		0.9758		0.5663		0.3426		0.1035		0.9529

																																		January		0.3132		1.017		0.2932		0.3758		1.406		0.6865		0.7768		0.1638		1.283		0.3193		0.1217

																																		February		0.1464		0.4057		0.21		0.1396		1.69		0.4293		2.135		0.07854		0.5288		0.232		0.119

																																		March		0.02548		0.2319		0.1729		1.538		0.2155		1.079		1.761		0.04294		0.4015		0.1485		0.208

																																		April		0.4897		0.937		1.649		0.4533		0.203		1.21		0.7118		0.287		1.06		1.726		0.151

																																		May		0.05645		0.2616		0.1145		0.301		0.08323		0.3116		0.3529		0.05229		0.306		0.3077		0.1284

																																		June		0		0.02733		0.003333		0.01		0.009		0.006667		0.04		0.0305		0.1559		0.1743		0.1143

																																		July		0		0.0009677		0.004516		0		0		0		0		0.02252		0.07716		0.09816		0.08932

																																		August		0.007097		0.1071		0		0		0		0		0		0.02042		0.04574		0.0659		0.07726

																																		September		0		0.002		0		0		0		0		0		0.02003		0.0373		0.05487		0.0719

																																		October		0		0.001935		0		0		0		0		0		0.02039		0.035		0.05006		0.06713

																																		November		0.155		0.2247		0		0		0		0		0.08833		0.05987		0.1971		0.04813		0.08073
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Obs

Sim

Flow occurrence (Mf)

Seasonal Predictability (Sd6)



Foglio4

		

		1. Calcolare la portata media mensile

		2. Definire il semestre secco ed il semestre umido

		3. Calcolare il numero di mesi con portata NON nulla in ciascun anno

		4. Calcolare il valore medio del numero di mesi con deflusso non nullo

		5. Normalizzare ad 1 il valore medio del numero di mesi con deflusso non nullo, vedi celle rosse nel foglio 1

		6. Calcolare la frequenza multiannuale di mesi con deflusso nullo per i 6 mesi contigui più umidi

		7. Calcolare la frequenza multiannuale di mesi con deflusso nullo per i 6 mesi contigui più secchi

		8. Calcolare Sd6 (celle verdi foglio 1)



E

I-D

I-P

P



Foglio1

				Mesi/anni		Qmedia mens sul per di osserv		1965		1966		1967		1968		1969		1970		1971		1972		1973		1974		1975		1976		1977		1978		1979		1980		1981		1982		1983		1985		1986		1987		1988		1989		1990		1991		1992		1993		1994		1995		1996		Numero di mesi con deflusso nullo		num di mesi registrati		mesi del sem		Totale mesi con defl nullo		Frequenza

		semestre umido		D		1.277		0.627		0.305		0.583		5.720		4.329		0.681		0.719		3.637		1.326		0.591		3.496		5.531		0.229		0.523		0.667		0.819		0.138		0.116		0.795		0.815		0.472		0.131		0.108		1.246		0.748		0.808		0.021		0.690		0.269		0.072		3.371		0		31

				J		2.281		3.513		0.648		1.635		3.948		1.111		3.862		2.941		6.411		9.736		1.673		0.482		0.687		4.525		0.182		2.111		9.281		3.674		0.119		0.132		4.897		0.852		1.161		0.140		0.114		0.601		2.608		0.479		0.082		1.655		0.782		0.665		0		31

				F		2.718		4.193		0.575		1.231		3.670		2.157		2.566		5.190		2.961		8.249		5.507		0.993		1.239		2.660		0.177		12.321		1.963		4.533		0.140		0.378		2.338		5.443		4.090		0.407		0.065		0.496		0.641		0.675		0.067		2.047		0.537		6.738		0		31

				M		2.787		3.822		1.360		0.312		0.716		8.395		2.491		5.905		4.403		13.870		2.523		2.679		1.535		0.902		0.469		2.946		2.004		2.695		1.567		0.308		9.911		4.902		2.035		2.240		0.022		0.237		0.470		0.479		1.291		0.099		0.961		4.847		0		31

				A		2.567		3.037		0.293		2.796		0.197		3.970		1.074		4.406		1.156		5.255		6.112		1.428		2.876		0.653		12.901		2.001		1.095		1.111		0.434		0.086		6.605		1.750		0.666		0.280		0.012		0.539		2.698		13.296		0.172		0.043		1.419		1.213		0		31

				M		0.883		1.318		0.332		0.239		0.000		0.616		0.453		0.711		0.767		0.184		1.500		1.394		1.110		0.123		0.587		1.047		6.521		0.234		0.052		0.000		1.333		0.394		0.754		0.124		0.000		0.052		0.530		5.957		0.146		0.002		0.198		0.681		3		31		186		3		0.0161290323

		semestre secco		J		0.449		0.570		0.000		0.000		0.975		0.034		0.050		0.109		0.056		0.302		0.488		0.205		0.943		0.070		0.000		0.000		3.726		0.171		0.134		0.031		0.526		0.544		0.641		0.069		0.000		0.000		0.508		2.453		0.107		0.219		0.264		0.736		6		31

				J		0.212		0.157		0.000		0.000		0.000		0.000		0.000		0.000		0.475		0.227		0.003		0.000		1.252		0.000		0.000		0.000		0.000		0.224		0.005		0.000		0.383		0.502		0.559		0.000		0.000		0.000		0.466		0.812		0.041		0.698		0.317		0.453		15		31

				A		0.212		0.382		0.072		0.112		0.019		0.088		0.030		0.001		0.678		0.421		0.228		0.165		0.587		0.004		0.000		0.204		0.105		0.345		0.000		0.008		0.489		0.362		0.266		0.009		0.000		0.000		0.259		0.685		0.045		0.473		0.207		0.326		4		31

				S		0.313		0.503		0.154		0.205		0.036		0.905		0.501		0.226		1.246		0.628		0.388		0.183		0.374		0.067		0.010		0.126		0.259		0.214		0.079		0.010		0.245		0.505		0.099		0.047		1.016		0.259		0.319		0.540		0.042		0.310		0.048		0.152		0		31

				O		0.343		0.545		0.245		0.100		0.006		0.344		0.260		0.242		1.664		0.712		0.495		0.321		0.789		0.099		0.022		0.302		0.398		0.087		0.094		0.015		0.448		0.401		0.108		0.110		1.373		0.450		0.346		0.075		0.043		0.302		0.050		0.197		0		31

				N		0.770		0.576		0.259		0.129		0.214		0.268		0.258		0.488		1.325		0.761		0.828		1.280		7.934		0.131		0.021		1.018		0.335		0.132		0.102		0.035		4.344		0.523		0.131		0.069		0.912		0.462		0.672		0.095		0.052		0.267		0.050		0.202		0		31		186		25		0.1344086022

				Mf per anno				12		10		10		10		11		11		11		12		12		12		11		12		11		9		10		11		12		11		10		12		12		12		11		8		9		12		12		12		12		12		12

		Num di mesi con defl		11.10

		Mf		0.92

		Sd6		0.88
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Comparing IHAs: simulated/observed

Simulated streamflow and measured streamflow are used to estimate
Hydrological Indicators over the common period 1990-96

Parameter Group 1 Parameter Group 2 Parameter Group 3 Parameter Group 4 Parameter Group 5
Qm January 1-day minimum Date of minimum Low pulse count Rise rate

February 3-day minimum Date of maximum Low pulse duration Fall rate

March 7-day minimum High pulse count Number of reversals
April 30-day minimum High pulse duration

May 90-day minimum Low Pulse Threshold

June 1-day maximum High Pulse Threshold

July 3-day maximum

August 7-day maximum

September 30-day maximum

October 90-day maximum

November Number of zero days

December Base flow index

Statistical tests demonstrate the effectiveness of the model in predicting IHAS
representing the magnitude of the wet months and high flow but it fails in
predicting IHAs related to the period of dryness (De Girolamo et al., 2017).
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Comparing IHAs: simulated/observed
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«Statistical performance of all hydrological indicators was improved after
correction

*Model prediction does not need a correction for months with high and moderate
flow regimes, while it appears to be needed for dry months (De Girolamo et al.,
2017).




Comparing flow regime before and after dam impact

100 Pre-impact: the river segment is
classified as Intermittent-pools
090 Post-impact; the river is classified
%) . as ephemeral
) 0.80 % m
Fy
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g 070
-
E 6 6
& 060 Sd6=1-| > Fd;/> Fd,
™ I-P 1 1
c
o
3 0.50 I-D Where: Fdi is the multiannual frequency of no-flow
n months for the six contiguous wetter months per year
and Fdj is the multiannual frequency of no-flow
0.40 months for the six drier months).
0.30 | : | | | | | YRR
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Flow occurrence (Mf) Number of months with flow

(De Girolamo et al., 2015)



Hydrologic Alteration
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The degree of alteration in each category is:
(post-impact frequency — pre-impact frequency) / pre-impact frequency.

A positive IHA factor means that the frequency of values in the category has increased
from the pre-impact to the post-impact period, while a negative value means that the
frequency of values has decreased.




Setting an EF in a temporary river

Fully Adaptive Setting an environmental flows should be an adaptive
process, in which flows may be successively modified

Comprehensive . . . . . ayn

provision of “Gocd in the light of increased knowledge, changing priorities,

Ecological Status”
incorporating

restoration, where and changes in infrastructure over time.

feasible

Flow regime
linked to habitat
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Minimum Flosw
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LeAtOng
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(Flow management targets are set
as a range of variation for each Hl)

]
Minimum
Flow - single
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] === === === -
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A fundamental principle of the EF is to maintain

integrity, natural seasonality and variability
of flows, including floods and low flows.




Setting an EF in a temporary river
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The thresholds should be fixed with input from experts and ecological data

In a modified regime, which is ecologically acceptable, each indicator should be
maintained within the limits of its natural variability

When ecological data are not available an acceptable range of variation of the
indices can be =1 standard deviation (SD) from the mean or, in case of non-
parametric analysis, between the 25" and 75" percentiles




Conclusions

*Hydrology frequently works under conditions of data scarcity. The SWAT model is
able to provide streamflow data for ecological/EF studies.

*The replicability of the IHAs ranges from good to limited. The results show a good
performance for the annual flow, wet monthly and peak flows and limited
performance for low flows, number of zero flow days.

*These discrepancies do not necessarily indicate a shortcoming in this
hydrological model for general hydrologic simulations, but point to limitations in
how such models can be effectively applied in eco-hydrological studies.

sIntroducing the “zero flow” threshold statistical performance for low-flow
indicators is improved.

Comparing the IHAs post- and pre-impact (simulated) a measure of hydrological
alteration is obtained: downstream the reservoir the hydrological regime is highly
altered.

*By using natural simulated streamflow we developed the RVA in order to set an EF

sFurther analysis based on ecological data are needed In order to define the
thresholds of accettability in IHA variability




Thank you

for your attention!
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