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SMALL CASE STUDY

The Toce river basin

CASE STUDY

CLIMATE SCENARIOS CLIMATE SCENARIOS

The upper Po river basin REMO T (K) - 15T January 2001

REMO and RegCM3 REMO and RegCM3

Basin Area = 38000 km?

Precipitation and Temperature Precipitation, Temperature, Wind
Speed, Solar Radiation, Relative

Bias corrected -
Humidity

57 reservoirs and 13 lakes

1-10° m3 capacity artificial
reservoirs

Spatial resolution = 25 km Bias corrected

Time resolution = 3 hours Spatial resolution = at site

Irrigated area = 4'500 km? Time resolution = 3 hours

1056 river intakes
7'700 km artificial channels

HYDROLOGICAL MODEL
FEST-WB

Development of modules for
simulating reservoirs and

irrigation HYDROLOGICAL MODEL

Spatial resolution = 1 km
FEST-WB and FEST-EWB

™ High : 282,659

-
Low : 259.976 Spatial resolution = 200 m

HYDROLOGICAL MODEL MODIFIED HARG REAVES FOR ALPS Hargreaves for ET0 over Alps
FEST-EWB: Flash — flood Event — based Spatially — T : ET, =\c, +c,z)ET,
distributed rainfall — runoﬁ;ransformation—_pinclui;ing Need to use a simplified model that requires only temperature 0.HSM ( 0 " ™ ) 0,HS
. I _+T71.
atial Interpolation: ’ Meagured o — P
Thiessen, IDW D . %12 EIN P C 0 132 m asl 1065 m asl
' Corbari C, Ravazzani G, and Mancini M, 2011: ! £ 10 BN S P
v - . A distributed thermodynamic model for energy i ‘;}gz ) \ loo 5 ; : Z::: N :‘;‘;‘; oo
Snow - E and mass balance computation: FEST-EWB. "0,4:...._.-.- 1' H ||1 : '\,méf o _ _ "y o]
Dynamics | - , Hydrological Processes 25(9), 1443-1452 ot L1 Crop Coefficient Reference evapotranspiration o e
SOI| day of the Year % 5000 - ié; 5000 -
Moisture [« . :::: . :ZZZ
Upciate 2000 | —FAO-56PM —HS 2000 1 —FAO-56PM —HS
_ . 0.5 ( ) 1000 - 1000 +
. Surface Runoff Definition of ETO o 0.0023 Ra (Tmax Tm_ll'l ) Tmean + 17'8 Harg reaves (1982) %000 2001 2002 2003 ‘z‘::rzma 2006 2007 2008 2009 %2000 2001 2002 2003 3(0:;;2605 2006 2007 2008 2009
Percolation river network @ @
Required variables: Average, Minimum and
L v Y H LEGEND Bkl : : o o | -
Subsurface groundw Surface flow .| Lakes and : : MaXImum dally Temperature 6000 - 6000 -
routing ater routing reservoires ! - Process | ! o TR K. Tastor :E: oo | .%- o
: I 3 ‘«“ v o ,?;_‘\‘ A N 3000 - " 3000 -
: : i B0 ; 1 i r"‘\" () / j 2000 - —FAC-56 PM —HSM 2000 | —FAO-56PM —HEM
I variable : Wind spoed 4 e EYANEINARY AR s AT 1000 1000 -
Hyd rograph e - - - 4 grass optima\rjlg\r:it::: crc(j'wdiﬁons 02000 2001 2002 2003 2004 2005 2006 2007 2008 2009 ozoou 2001 2002 2003 2004 2005 2006 2007 2008 2009
' Ravazzani G, Corbari C, Morella S, Gianoli P, and Mancini M, 2012: Modified Hargreaves-Samani Equation for the Assessment |
E of Reference Evapotranspiration in Alpine River Basins. Journal of Irrigation and Drainage Engineering 138(7), 592-599 E
400 200 20
. ’ " FEST-WB 200m
— FEST-WB 200m ¢ T £ 0
Toce “ FEST-WB = At site bias corrected + 200 3 . + 2 P
small = | ceat.EWE = |, | Cclimatescenario REMO at site E 210 g £19 151988 14 RegCM at site £ 3
case - == = forcings: REMO and £ 200 g 09 N B |
| a2 3 = 3 5 0.
study = RegCM3 Area=1534km2 | § £ Area =1534km® 1§ o o
100 - (o) =
: - +1.3°C - 50
Observed forcings _ Difference Difference . .
70 400 0 400 MW+—F——F" " -
2FEST-EWB — Simdated FEST.WB —=— REMO-4150 00 1234567891011 12 13_100 _100 12345678 9101112 13_10 +RegCM_4150 012345 :Im:h 8 olomaz crzean ::Dn:ha crnEn
%1 aFesTwe o k s et - REMO-0110 Month Month e RegCM-01 10
E s 300 100 80 100 300 200 0 10090 100 %00 0
= t : -+ 0 -
E 200 é E — SWE e | + 8 % ET [ 150 T SWE ® — 1 13 A) ET ® - 10
E; § a E | 50 F60 - , 50 :E: - 50 gﬁo 1 - 50
E 10 % %”200 ? . EZOO 100 gZOO 25 -g o5 Emo 1 - 100
100 z i P _ = 0 540 - - 50
lE gmi 0 %T (PE 8 25 & 258
1 8 00 g - 258 o . = 100 g D 100 -0
: 0 0 30 81 91 122 152 182 213 243 274 304 334 365 =3 % - -50 i 20 - -50
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Days ' § i 20 - - -50 ' o . 50
Mean monthly and cumulated actual Mean 2001-2010 flow duratlon'curves from 2 s - 50 - -75 _ 5
evapotranspiration as computed by FEST- observed discharges and simulated by . o “ T ol N a0 100 o . 100
WB and FEST-EWB model driven by FEST-WB "?md FEST_EV_VB models driven by 0123456780101 1213 123 4567086090012 123458 188 nIREE cr1z3assreonNED T2 e TR
meteorological observations meteorological observations Month Month Month v von
200 97 100 30 10 k 200 _ 100 30 T 10
- FEST-WB 1 km 7 . L. :
FESZWB 1 km | " 4 . , Climate projections on Upper Po basin show an
150 ] - 90 20 - S =) 1 — . . . .
REMO 25 k E s @ RegCM 25 k £ 5 % Increase of annual precipitation and temperature but a
c ] o 2 | L = i O . . . . .
5100 | 0 #g 0, 0 © A 26000 2 £ . i decrease of precipitation during summer period
— 2 |8 | 25 £ rea = m £ 1 s
Area = 26000 km Eo :z ,50_ . = % .l .
| -fa
Difference ! [ Difference o L0 4ol 10
—e—REMO-4150 “cissasersetonnn . Coizsiseieonmin —+—RegCM-4150 P e crzeaseTsoMRE
= REMO-0110 Month Month —4= RegCM-0110 Intensity of climate change depends on climatic
200 100 50 100 150 100 : :
00 50 00 150 | models and downscaling technique
: SWE i 75 - T — SWE s n + 1 % Q L 75 g q
£ E150 - - 50 E40 | - 50 L 50
£150 . - 50 - 50 £ £ 00 B
£ —=100 © » s 25 E
S0 o0 o e B ° g Shift in temperature and precipitation patterns and
| & B & 25 £20 1 253 . .
g LAY & S w0 5 8 B amount reflect an increase of snow accumulation
§ 50 | L 50 " 1 -50 @ 1 "0 ] . . . . .
5 . | 75 e during winter but a rapid melt during spring. An
o a0 ol 012345678 0m0nen  Coirsaserestnnn ol - — 100 Increase of mean annual discharge but a decrease
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7T 8 9 10 11 12

0123 4567238 910111213 Month

Mont Mt Mot e ot during summer are expected.
Impact on Groundwater 5 July 2041
Groundwater Resource Index () 2.0 GRI =+ 0.53 .. : :
. Groundwater detention is expected to increase with
Dy m— I Surplus =500 - 106 m3 positive value of Groundwater Resource Index during
GRL,, = —=—2" 10
y,m ODm . half the capacity of all summer that can compensate the decrease of
= | artificial reservoirs discharge.
— 0.0 4\ T Sttt | (LA Y
where GRI, ., and D, are respectively % 2001 2011 2021 2031 2041 2051
the values of the index and of the -0.5 1
groundwater detention for the year y and .
the month m, while y, ,, and o, ,, are -1.0 i
respectively the mean and the standard 15 ] Monthly value I -2.308 - -1.410
deviation of groundwater detention i — ' '
values D simulated for the month min a 20 1 Decadal average I:I -1.410--0.512
defined number of years. I [ ]-0512-0.385
25 1 I 0.385 - 1.283
(*) Mendicino, G., Senatore, A., Versace, P. , 2008: A Groundwater Resource Index (GRI) for drought Bl 1283-2.180

monitoring and forecasting in a mediterranean climate. Journal of Hydrology, 357(3—4), 282-302
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