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ObjectivesObjectives

üü Use a distributed hydrologic model to improve Use a distributed hydrologic model to improve 
understanding of the hydrology, water balance and water understanding of the hydrology, water balance and water 
quality in the quality in the CamastraCamastra river basin (southern Italy).river basin (southern Italy).

üü Make a comparison between Swat and the distributed Make a comparison between Swat and the distributed 
hydrologic model resultshydrologic model results

üü Test and validate model results.Test and validate model results.
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OverviewOverview

üü THE DISTRIBUTED MODELTHE DISTRIBUTED MODEL
•• Input dataInput data

•• TheoryTheory

üü SWAT MODELSWAT MODEL

•• Input dataInput data

üü RESULTS AND DISCUSSIONRESULTS AND DISCUSSION

•• Comparison among SWAT, distributed model and observed Comparison among SWAT, distributed model and observed 
daily discharge for 4 years of simulationdaily discharge for 4 years of simulation
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Input dataInput data
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Input dataInput data

DEMDEM

Land Land useuse mapmap

Input data Input data forfor hydrologichydrologic distributeddistributed model model 

üü FlowFlow direction direction gridgrid

üü Flow Flow accumulationaccumulation gridgrid

üü StreamsStreams

üü BasinBasin

BurningBurning in procedurein procedure
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DigitalDigital ElevationElevation ModelModel

Bacino del torrente CamastraBacino del torrente Camastra
DEM 240 x 240 m

Quote (m)
489 - 632.778
632.778 - 776.556
776.556 - 920.333
920.333 - 1064.111
1064.111 - 1207.889
1207.889 - 1351.667
1351.667 - 1495.444
1495.444 - 1639.222
1639.222 - 1783
No Data

CamastraCamastra riverriver basinbasin

ElevationElevation (m)(m)
üü Basin Area: 350 kmBasin Area: 350 km22

üü 94 rows94 rows

üü 102 columns102 columns

üü 240 m grid240 m grid
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DemDem recoditioningrecoditioning

DigitizedDigitized
StreamStream
networknetwork
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StreamStream network network extractionextraction and and 
basinbasin delineationdelineation
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Flow accumulationFlow accumulation

Bacino del torrente CamastraBacino del torrente Camastra
Flow direction

Flow Direction
1
2
4
8
16
32
64
128
No Data

CamastraCamastra riverriver basinbasin
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SlopeSlope

Bacino del torrente CamastraBacino del torrente Camastra
Carta delle pendenze

Pendenze
0.211 - 3.764
3.764 - 7.318
7.318 - 10.871
10.871 - 14.424
14.424 - 17.977
17.977 - 21.53
21.53 - 25.084
25.084 - 28.637
28.637 - 32.19

CamastraCamastra riverriver basinbasin
SlopeSlope mapmap
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Land use and soils Land use and soils 
mapsmaps
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DistributedDistributed modelmodel

The hydrologic and water quality distributed model, based upon aThe hydrologic and water quality distributed model, based upon a
spatial spatial discretizationdiscretization of the territory into elementary square cells, of the territory into elementary square cells, 
schematisesschematises the main hydrological processes of degradation and the main hydrological processes of degradation and 
transport of nutrients, performed on a control volume build on ttransport of nutrients, performed on a control volume build on the he 
single cell.single cell. Control 

Volume 

ETR P

QS Surface flow

QIN

Subsurface flow QOUT

Subsurface flow

groundwater recharge

RunoffRunoff

( )
( )0

0

θθ
θθ

−
−

=
s

t
S CPQ

De De SmedtSmedt (2000)(2000)

üüC C runoff coefficientrunoff coefficient
üü P net precipitation (P net precipitation (mmmm) ) 
üüθθt t soil moisture contentsoil moisture content at time t (mm)at time t (mm)
üü θθSS saturated soil moisture contentsaturated soil moisture content (mm)(mm)
üü θθ00 residual soil moisture residual soil moisture ((mmmm))
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Runoff coefficient, CRunoff coefficient, C

RunoffRunoff
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θθ
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S CPQ

De De SmedtSmedt (2000)(2000)

Distributed modelDistributed model
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Default runoff coefficient Default runoff coefficient MallantMallant e e FeyenFeyen (1990) (1990) 
Land Use Slope 

(%)

Sand Loamy 

sand

Sandy 

Loam

Silty

Loam

Silt Loam Sandy 

Clay 

Loam

Silty Clay 

Loam

Clay 

Loam

Sandy 

Clay

Silty Clay Clay

<0.5 0,03 0,07 0,10 0,13 0,17 0,20 0,23 0,27 0,30 0,33 0,37 0,40

0.5-5 0,12 0,13 0,15 0,17 0,19 0,22 0,25 0,28 0,32 0,36 0,40 0,45

5-10 0,17 0,19 0,21 0,23 0,25 0,27 0,29 0,32 0,35 0,39 0,44 0,50

>10 0,23 0,27 0,30 0,33 0,37 0,40 0,43 0,47 0,50 0,53 0,57 0,60

<0.5 0,03 0,07 0,10 0,13 0,17 0,20 0,23 0,27 0,30 0,33 0,37 0,40

0.5-5 0,07 0,09 0,12 0,15 0,18 0,21 0,24 0,28 0,32 0,36 0,40 0,45

5-10 0,15 0,15 0,16 0,18 0,20 0,23 0,27 0,31 0,36 0,42 0,48 0,55

>10 0,20 0,21 0,22 0,24 0,26 0,29 0,33 0,37 0,42 0,47 0,53 0,60

<0.5 0,23 0,27 0,30 0,33 0,37 0,40 0,43 0,47 0,50 0,53 0,57 0,60

0.5-5 0,27 0,31 0,34 0,37 0,41 0,44 0,47 0,51 0,54 0,57 0,61 0,64

5-10 0,33 0,37 0,40 0,43 0,47 0,50 0,53 0,57 0,60 0,63 0,67 0,70

>10 0,45 0,49 0,52 0,55 0,59 0,62 0,65 0,69 0,72 0,75 0,79 0,82

<0.5 0,33 0,37 0,40 0,43 0,47 0,50 0,53 0,57 0,60 0,63 0,67 0,70

0.5-5 0,37 0,41 0,44 0,47 0,51 0,54 0,57 0,61 0,64 0,67 0,71 0,74

5-10 0,43 0,47 0,50 0,53 0,57 0,60 0,63 0,67 0,70 0,73 0,77 0,80

>10 0,55 0,59 0,62 0,65 0,69 0,72 0,75 0,79 0,82 0,85 0,89 0,92

<0.5 0,32 0,35 0,37 0,39 0,42 0,44 0,46 0,49 0,51 0,53 0,56 0,58

0.5-5 0,35 0,37 0,38 0,40 0,42 0,45 0,47 0,50 0,52 0,55 0,58 0,62

5-10 0,40 0,41 0,41 0,42 0,44 0,46 0,49 0,52 0,55 0,59 0,64 0,69

>10 0,44 0,44 0,45 0,47 0,48 0,51 0,53 0,56 0,59 0,63 0,67 0,72

Impervius

Area

Forest

Crop

Grass

Bare Soil

Distributed modelDistributed model
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dovedove

üü SSt+t+∆∆ = = water content in the soil profile at time t+ water content in the soil profile at time t+ ∆∆tt (mm),(mm),

üü SStt = total soil water content at time t (mm),= total soil water content at time t (mm),

üü FFtt = infiltration amount into the soil during the time t (= infiltration amount into the soil during the time t (Qin+PQin+P--RS)RS)

üü EEtt = actual = actual evapotranspirationevapotranspiration from the soil during the time t (mm),from the soil during the time t (mm),

üü RIRItt = lateral in and out subsurface flow of the soil during time t (= lateral in and out subsurface flow of the soil during time t (mm)mm)

üü RGRGtt = groundwater recharge during time t (mm). = groundwater recharge during time t (mm). 

Control 
Volume 

ETR P
RS Surface flow

QIN

Subsurface flow QOUT

Subsurface flow

Percolazione

Soil moisture storageSoil moisture storage

SSt+t+∆∆tt =  S=  Stt + F+ Ftt –– EEtt –– RIRItt –– RGRGtt

Distributed modelDistributed model
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The subsurface flow starts when the soil water content exceeds tThe subsurface flow starts when the soil water content exceeds the he 
field capacity.field capacity.

Subsurface lateral flowSubsurface lateral flow

RIRItt = max ( 0 , = max ( 0 , ccii (S(Stt--SSCC) )) )
wherewhere

üüRRItIt = subsurface flow during time t (mm),= subsurface flow during time t (mm),

üüSStt = total soil water content at t time (mm),= total soil water content at t time (mm),

üüSScc = soil water content at field capacity at t time (mm),= soil water content at field capacity at t time (mm),

üüccii = = ““subsurface flow coefficientsubsurface flow coefficient””. . 

The percentage of water that comes into the saturated zone can bThe percentage of water that comes into the saturated zone can be e 
derived by the use of the Darcy law:derived by the use of the Darcy law:

RG = K RG = K grad(hgrad(h) ) 
wherewhere

üü RG= groundwater recharge (mm/h),RG= groundwater recharge (mm/h),

üü K= hydraulic conductivity (mm/h),K= hydraulic conductivity (mm/h),

üügrad(hgrad(h)= )= hydraulic gradienthydraulic gradient

Distributed modelDistributed model
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The The IrmayIrmay equation has been used in this study to calculate the equation has been used in this study to calculate the 
groundwater recharge flow of the single cell:groundwater recharge flow of the single cell:

where:where:

üü RGRGtt = groundwater recharge at time t (mm),= groundwater recharge at time t (mm),

t
S
S

Kt
n

KtKRG
S

t
s

t
stt ∆








=∆








−
−

=∆=
αα

θ
θθ

0

0

üü KKtt = hydraulic soil conductivity at t time (mm/h),= hydraulic soil conductivity at t time (mm/h),

üü KKss = saturated hydraulic conductivity (mm/h),= saturated hydraulic conductivity (mm/h),

üü n n = porosity= porosity

üüαα = index characterizing dimension and distribution of soil poros= index characterizing dimension and distribution of soil porosityity

üü θθtt soil moisture content at time t (mm)soil moisture content at time t (mm)

üü θθ00 residual soil moisture (mm)residual soil moisture (mm)

Distributed modelDistributed model
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where:where:

üü ETETtt = actual = actual evapotranspirationevapotranspiration (mm),(mm),

üü ETET00 = potential = potential evapotranspirationevapotranspiration at at time t (mm),time t (mm),

üü b b = 10.56 empiric value,= 10.56 empiric value,

üü θθtt = = soil moisture content at time t (mm),soil moisture content at time t (mm),

üü θθ00 = = residual soil moistureresidual soil moisture (mm)(mm),,

üü θθCC = = soil moisturesoil moisture content at field capacitycontent at field capacity (mm)(mm)..

Potential Potential evapotranspirationevapotranspiration

)846.0(0 += TpkET c

((BlaneyBlaney--CriddleCriddle equation)equation)

Actual Actual evapotranspirationevapotranspiration

ETETtt = (1= (1--ee--b (qtb (qt--qo)/(qcqo)/(qc--qoqo) ) ) ET) ET00

(Davies ed Allen, 1973)(Davies ed Allen, 1973)

where:where:

üü kkCC = crop coefficient,= crop coefficient,

üü T = average temperature of the last 10 daysT = average temperature of the last 10 days

Distributed modelDistributed model
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SWAT data: soils SWAT data: soils 
layerlayer
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SWAT data: land use SWAT data: land use 
layerlayer
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SWAT data: DEMSWAT data: DEM

üü 1160 rows1160 rows

üü 1297 columns1297 columns

üü 20 m grid20 m grid
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Name  LATITUDE LONGITUDE Elev. 
(m s.l.m.) 

Abetina Laurenzana 40.26 15.57 900 
Bosco Galdo Villa D'Agri 40.20 15.49 592 
Montecrispo Campo 

Maggiore 
40.34 16.04 803 

Lupara Guardia 
Perticara 

40.20 16.05 543 

S. Lucia Brindisi di 
Montagna 

40.38 15.58 656 

Serra del 
Ponte 

Satriano 40.56 15.64 725 

SWAT: SWAT: 
meteorological datameteorological data

Daily data of temperature, wind velocity, humidity and solar radDaily data of temperature, wind velocity, humidity and solar radiation) for iation) for 

eleven years (1990/2000) at 6 agroeleven years (1990/2000) at 6 agro--meteorological stations have been meteorological stations have been 

collected from the Agrocollected from the Agro--meteorological Service of ALSIA (Development and meteorological Service of ALSIA (Development and 

Innovation in agriculture Agency of the Basilicata Region).Innovation in agriculture Agency of the Basilicata Region).

Gage locationGage location
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SWAT: SWAT: 
meteorological datameteorological data
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SWAT databasesSWAT databases
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SWAT: management SWAT: management 
input datainput data
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Distributed model Distributed model 
resultsresults

Observed and simulated daily discharge - 1997
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Distributed model Distributed model 
resultsresults

Observed and simulated daily discharge - 1997
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SWAT model resultsSWAT model results

Observed and simulated daily discharge - 1997
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Distributed model Distributed model 
resultsresults

Observed and simulated daily discharge - 1998
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SWAT model resultsSWAT model results

Observed and simulated daily discharge - 1998
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Distributed model Distributed model 
resultsresults

Observed and simulated daily discharge - 1999
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SWAT model resultsSWAT model results

Observed and simulated daily discharge - 1999
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Distributed model Distributed model 
resultsresults

Observed and simulated daily discharge - 2000
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SWAT model resultsSWAT model results

Observed and simulated daily discharge - 2000
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Conclusions and Conclusions and 
DiscussionDiscussion

üü Results provide daily simulations of Results provide daily simulations of streamflowstreamflow over over 
the entire watershed, obtained with both models.the entire watershed, obtained with both models.
üü Better results by using the distributed model even by Better results by using the distributed model even by 
using less accurate input datausing less accurate input data
üü DifficultiesDifficulties: : data availability and calibration of SWAT data availability and calibration of SWAT 
modelmodel
üü Lack of soils parameters, potential Lack of soils parameters, potential evapotranspirationevapotranspiration,  ,  
solar radiation wind speed and relative humidity data.solar radiation wind speed and relative humidity data.
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SimulationSimulation resultsresults
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