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Abstract Study case and dataset [Hydrologlcal model calibration Downscaling strategy for ET,.
The Climate Induced Changes on the Hydrology of Mediterranean Basins (CLIMB) Project is a Our study site is located in the southern Sardinia (Italy) and is characterized by a nested Topographic representation via Triangulated Irregular Networks (TINs) 1) We computed hourly ET, with the FAO Penman-Monteith (PM) equation, ET,, " from meteorolo-
multi-institutional research project, funded by 7" EU Framework Programme, which has the main configuration (Fig.3): ® Significant reduction of computational nodes as compared to grid-based models gical data (global solar radiation, temperature, relative humidity, wind speed) provided by ARPAS
goal of reducing uncertainties in the quantification of climate change impact in Mediterranean Climb study cases ® Multiple resolution domains ' (Sardinian Regional Agency for Environmental Protection).
basins. Current studies including IPCC indicate, in fact, that the water budget in these areas will be S T Rio Mannu (473 Km?) ® Preservation of linear features such as stream networks and terrain breaklines. 1a) We calibrated for each month a dimensionless function f¢(m) (Fig. 12) simulating the diurnal
very likely affected by climate change, with severe impacts on agricultural productivity and ‘* cycle of ET , defined as: 0o
drinking water supply. One of the CLIMB studly sites is the Rio Mannu at Monastir, a 473 Km? 1‘ — R - - T Azienda San Michele (436 ha) L o —
catchment located in an agricultural area in southern Sardinia (Italy) with gently rolling \ ‘E '—éo i L N T = feb
topography. R > o o —apr
In this study, we show preliminary results on the sensitivity of hydrological response in this basin \ J 1< E o}}M i n=|1,24] 3 o1k N R —jun
under climatic changes conditions. For this aim, outputs of several climate models are used to force \ S (m) :_Z p ’ ’ . Y AEETE =il
the TIN-based Real-time Integrated Basin Simulator (tRIBS), a fully distributed, physically based \ 7 i=0 ZETO}}M o om=[12] OV Y S —cep
model able to continuously simulate hydrological processes occurring in a basin, by explicitly \ i=0 ’ > ooy
taking into account variability of meteorological forcing and basin properties. We first present \ = 0 : : : : : =dec
results of the calibration effort, based on a relatively limited dataset consisting of: (i) hydrometeo- \ E 0o 4 8 e 1620 24
rological.data av.ailable over 26 years in the period 1922-1996 and including daily rain gage . \ Fig. 12 - Downscaling ET process:
observations, daily streamflow data at the outlet and temperature observations from four stations, modulation function f(m).
(i) a 10-m Digital Elevation Model, (iii) a digitized soil texture map, (iv) the CORINE land cover map. . . .
Once calibrated, we will use tRIBS to simulate the hydrological response in the Rio Mannu basin, 1b) We computed daily a%grggated ET, from hourly estimates, £T,,,* and compared them
under a number of climate change scenarios, generated by several numerical climate models with daily estimates, ET,, ¢ (Fig. 13a).
collected by the PRUDENCE project of the FP5,the ENSEMBLES project of the FP6 and the US : : : :
, y Pro) Pro) Stream network 2) We computed daily ET based on daily T and T__ with the 1985 Hargreaves equation, ET_ .
project PCMDI/CMIP3. v, (masl) ﬁw"(\{?‘f{%\ v“% ST
-~ Flev- (ma.s) '[) \é@v;%%%é?‘%%%éu; 3) We fitted a line to represent the relation between ET 4 and ET_, -9 (Fig. 13b). It can be inferred
/ = Ww“ K ‘%‘;f}v {45»4 . . o . .
- - ! ‘4\‘ /lﬁ%@g&ﬁ%@@gg@x@%ﬁ from this figure that ET ¢ estimations are as good as daily aggregated ET_, .
. W) Ve
CLIMB Projec-l- - . . . g\\‘/‘\‘%"“"\‘hﬁgﬁ%}v ‘E‘i\%‘%ﬂ\ 4) Thus, we can downscale starting from the Hargreaves daily estimates, £T ¢, in the period of
Fig. 3 - Study site representation and location. \‘k;\\ﬁ\ ’M@;@%“ﬁ%‘\%}%v model calibration (items 1a and 2)
) ) ) . . ' BN ANV VA |
Reducing Uncertainty and quantifying risk through In this study we present the calibration effort of the hydrological model for the Rio Mannu 4’%’\\}@%@%&%1@%;\ —_— 10—
, ;o : watershed (Fig. 3, Fig. 4, Fig. 5, Fig. 6, Fig. 7). M\ ‘ﬁ#v/‘\\\\mf v@k\w’ o) T T E WL | e re0sssszE,
an integrated monitoring and modeling system @) (b) (© s N DENEARS TN/ g o 0 RN S
Motivation 1500 s 40 — Rio Mannu terrain charactorietice Fig. 9 - Multiple resolution TINs for watershed terrain representation. £ ° Eel i oM™
SR wururnrnra— R ==meanT | @ 1 1 1 | u | Istl 5.6 5
oCIimatg induced chan.ge.s on the hydrolggy of Megliterranean regions are prfasently occurring and £ | —E?rlgﬂlﬂow o 3o} [T | (from a 10-m DEM) 5y L A
are prOJeFted to amplify in the future, with heavy impacts on water availability and occurrence of = 1000 T/ € PR Hoo Hoo | Hooo < ® Different TINs have been created and compared. . o1 18 b, ;...;EeTorvalues
hydrolog|ca| extremes. g : g 20 [m] [m] [m] [t:/] We Selected the TIN W|th 7z =3 m, d = 0.036. Parameters used to quantlfy 0 : : 0 . —1:1g|ine
® Not er\ough know!edge is ai\vai.lable to quantify these changes, due to a lack of suitable and £ 00N £ T " 963 296 173 ' (b) spatial aggregation from a2 2 b
effective hydrological monitoring and modeling systems. g g T T ] DEM to TIN: Fig. 13 - Downscaling ET process: (a) ET. “=s3versus ET._ 9, (b) ET._ d=9versus ET_¢
. . . . . DLl . : : S S Do : : O0PM oPM ' O0PM OH °
® Projections of future hydrological change, based on climate model results and hydrological o o o). . | | |
modeling schemes, are very uncertain and poorly validated. months months _ B d= _thorizontal point density
Obiectives Fig. 4 - (a) Monthly mean rainfall and streamflow; (b) monthly mean temperatures; (c) terrain characteristics for E - 5 S Ng
, , ) the Rio Mannu area. = FESEEE re=___ equivalent cell size FUII.U re WOI'k
@ Employ and integrate in a new conceptual framework: = S ﬁ
- advanced geophysical field monitoring techniques; , o , , ,
- remote sensing analyses and retrievals; z vertical tolerance ® Apply an algorithm to downscale daily rainfall using a multifractal model (Deidda et al., 1999),
- climate models auditing and downscaI’ing' _ calibrated with high-resolution (5-min) data collected by automatic rain gages in the period (1988-
H H H . ’ OIsa(:\x u;: oam —cla Land Cover 1996 .
- integrated hydrologic modeling; - Sanj§ oy oo m agriculture Fig. 10 - TIN aggregation characteristics for the watershed. (a) dvs z; [INfandscape )
- socio-economic factor assessment to significantly reduce existing uncertainties in climate change m= sandy loam —clay loam B bare soils (b) Root Mean Square Error (RMSE) between TIN and original DEM as TN nodes DEM landscape — , . _ , , , ,
impact analysis = oy sand - sand e : forestT1 3 function of z ® Install two new streamflow gage stations in the Rio Costara watershed (Fig. 3) to investigate, in
° greennouses r oy . . o . . .
@ Improvements will be communicated to stakeholders and decision makers enabling them to utilize i = olives . . . . . cqntrolled conditions, the hydrological response of a basin containing the Azienda San Michele
e . : o , mm sandy clay loam B orchards Comparison of terrain attributes of the original DEM, selected TIN and aggregated DEM with the (Fig. 14).
the new findings in regional water resource and agricultural management initiatives as well as in o sy loam - ciny loam B pastures same resolution as TIN
the design of mechanisms to reduce potential for conflicts. mm sandy loam — sandy clay loam B roads and railways ' (a) (b) (c)
- clayd | dv clav | Bl sparse vegetation (a) Comparison of Curvature PDF (b) Comparison of Slope PDF (C) Comparison of Topmodel PDF
e e = o ars T e
Bl sandy loam — sandy clay loam : vin(tegards osgh S ...|=—DEM 10 03 ------------ —DEM 10 i
[ | Ico:mi/ zzndo—acriay loam water : - —DEM 50 : —DEM 50 i
Mei‘hOd ! 30.6 ---------------------------- L go.z S g
We use the tRIBS model to simulate the hydrological response in the Rio Mannu catchment in order Fig. 5- Soil texture map derived froma Fig. 6- Rio Mannu land cover map derived from EEA gy ol N £
to evaluate the effects of climate changes using different climate scenarios generated by several d'gét'ied n;apf1 :25:),000. C(;ass_eis de?;“ed using CORINE project 2008. Oap e
. . . peaotransrer runctions and soll proriies. : ; ; ; : . ; ;
numerical climate models (Fig. 1). 2000 1000 0 _ 1000 2000 % 20 40 60 10 20 30
. Curvature (1/m) Slope (degrees) In(a/tanb) —_— 2 : | 3
GCM and RCM (| Study site Fig. 11 - Comparison of frequency distributions of curvature (a), slope (b) and topographic index (c) of the DEM Fig. 14 - Sections where streamflow gages will be installed: (a) Rio Costara, (b) Azienda S. Michele channel,
auditing and o | characterization and the TIN. Included are the original DEM (10-m res.), the aggregated DEM at 50-m res. and the selected TIN (c) type of weir (V-notch) that will be installed.
downscaling R /| and monitoring model. Both the aggregated DEM and the TIN have an equivalent number of nodes (d = 0.036).
——Fr W P ® Use historical and downscaled data to calibrate the hydrological model.
: ', 8 T e e Downscaling daily hydrometeorological data Soloct f ' .  hed ocical variables from GEM and
Fig. 7 - Different typical land covers in the Rio Mannu watershed (wheat, grapes, olives and pastures). @ >elect future climate scenarlos,.e).(tract outputst orhy rometeoro ogical variables from an
The Rio Mannu basin was selected for the following reasons: tRIBS requires hourly data of precipitation and meteorological variables or reference evapotranpi- RCM, and eventually apply statistical downscaling techniques.
' ration, ET ,as input.
. . . . o I 0I
® It contains the Azienda San Michele, an experimental farm managed by AGRIS (Regional Agency . ® Run the hydrological model with inputs derived from climate models to evaluate impacts of climate
_ Y B— for Research in Agriculture of Sardinian Region, partner of CLIMB) representing a small-scale study ) Rainfall . ET, change on the water budget in the Rio Mannu basin
. . . . . . 5 v : E v v .
case for CLIMB. Here continuous monitoring is conducted of hydrometeorological variables and : : : : :
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productivity of several crops that are fundamental in the Sardinian economy.
® Several field campaigns have been conducted together with CLIMB partners, including:
N g B - Geophysical campaigns such as Ground-Penetrating Radar, Electrical Resistance Tomography, and
I Gamma Ray Spectrometry to investigate the shallow subsurface.
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Tl - Collection of soil samples and vegetation measurements in October 2010. 0 0
. O K3 o o
modeing : R References
Hydrometeorological dataset DU | §
o (a) ot presences (b) - About 8 rain gages . . .
L e e R . A o working at the same time. Strategy to downscale Strategy to downscale Allen, R.G.., Pruitt, W. O., erght, J. L., Howell, T. A,, Yentura, F., etal. (2007). Arecommendation on
Month o I G level (caily) : : : - standardized surface resistance for hourly calculation of reference ETo by the FAO56 Penman-
. C SO [ Temperature (daily) - Streamflow measurements dally rainfall using dally ETO . }
Fig. 1 - Schematisation of the methodology. e | R gages ) . ltifractal model Monteith method. Agricultural Water Management, 1--300.
2 dea covering only eleven years multifractal modeis.

Hydrological Model Characteristics

TIN based real time integrated basin simulator (tRIBS) is a fully-distributed model of coupled
hydrologic processes (Fig. 2).

(1925-1935).
- Four stations with minimum
and maximum temperatures.
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® Interception and evaporation. " Garopy r— Ie(\)/zles station of groundwater E3 §04 : : lvanov, V. Y., Vivoni, E. R, Bras, R. L. & Entekhabi. D. (2004), Chatchment hydrologic response with a
1 nterception transpiration . o el SEF SER SRR SN (RERARRY SRR ] ) ) !
® Coupled vadose and saturated zones with Rainfal 1 £5 a fully distributed triangulated irregular network model, Water Resources Research, 40, 1--23.
dynamic water table. _ Infiltration z ET IO 0 UUET UNN TURRY SOOI
® Moisture infiltration waves. Oueand g ¢ 2 - N , , , ,
: . L : : lvanov, V.Y, Vivoni, E. R, Bras, R. L. & Entekhabi. D. (2004), Preserving high-resolution surface and
® Soil moisture redistribution. Limited period . L ' o ® S infall data i tional-scale basin hvdroloav: a fullv distributed phvsicallv-based h
@ Topography-driven lateral fluxes in vadose . . available for ¢ Limited dz.ata ayallablllty for & N o Qi timethours] raintall data in operational-scale basin hydrology: a tully distributed physically-based approach,
and groundwater. odel calibration model calibration. $ 3 R Journal of Hydrology, 80--111.
® Four runoff generation mechanisms. " . 211 L e Limited period for model : ] . : : ,
@ Radiation and energy balance. , o , calibration, constrained by Aggregate simulated _ Vivoni, E. R, Ivanov, V. Y., Bras, R. L. & Entekhabi. D. (2004), Generation of Triangulated Irregular
@ Hydrologic and hydraulic routing Fig. 8 - (a) Data presence from 1922101396, archived in technical reports of | -, presence of streamflow streamflow at daily 2 of ' Networks based on Hydrological Similarity, Journal of Hydrologic Engineering ASCE/
, ) e the Italian Hydrologic Survey (the ‘Annali Idrologici’); (b) Stations’ locations. : =
® Model outputs include time series at Fio. 2 - Couolod Fodroloa = data. resolution and compare | o | - July/August2004, 288--302.
. L. . . 1g. - Louple yarologic processes represente . . . with observations.
distributed Iocat|.0n5 an.d spatial outputs of in the tRIBS model over a complex triangulated terrain * Low resolution (i.e. daily). T T L S Y , : . : :
several hydrological variables (e.g. streamflow, Month Vivoni, E. R., Ivanov, V. Y., Bras, R. L. & Entekhabi. D. (2005), On the effects of triangulated terrain

(lvanov et al. 2004).

evapotranspiration, soil moisture).
—

resolution on distributed hydrologic model response, Hydrological Processes, 19, 2101--2122.




