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Exercice n°HA 1006

Calage d’'un modéle conceptuel semi-distribué en nelu de haute montagne
Annexe 1 : description du modele hydrologique

GMS_SOCONT

When needed : see Schaefli, 2005 or Schaefli et 2005 for details.

The discharge simulation is carried out througtoaceptual, semi-lumped model at a daily time stdye catchment
is represented as a set of spatial units each afhwib assumed to have a homogenous hydrologidavieur. A

reservoir based modelling approach is used to sitedeparately the hydrological response of eaith Time runoff

contributions of all units are summed to provide tibtal discharge at the outlet of the entire catfit.

Discretisation of the catchment

The hydrological model has two levels of discrditsa The first level corresponds to the separalietween the ice-
covered part of the catchment and the not ice-emvpart. Each of the two areas is characterizeatstgurface and its
hypsometry.

The second level of discretisation consists oftaoéelevation bands for each of the two partshef tatchment. For
each elevation band, input time series (precipitattemperature) are computed according to the retamtion of

the band. The corresponding runoff computatioraisied out separately for each of the bands, théeindepending
on whether the band forms part of the ice-covered ar not.

The total runoff Q [Ms?] from the catchment is therefore:

Q= Ziq,j (1)

2
=1 j=1

where i is an index for each of the two parts ef ¢atchment and j an index for each of the n el@vdtands. § [m?
s'] is the mean daily runoff from elevation band flahe catchment part i.

Meteorological data pre-processing

Temperature

The temperature time series for each elevation iamgnerated applying a constant lapse rate tdetimperature
series measured at the closest meteorologicabstalihe temperature gradient is set equal to 0.8%@n, a value
that is widely used for alpine areas and that spaads well to the observed gradient between naadigorological
stations.

Precipitation

The precipitation for each elevation band is intéaited based on the observed precipitation attdt@s Oberwald
and the spatially interpolated mean annual pregtipit for the period 1951-1980 given by (Spreafitcet al., 1992).

Snow accumulation, snow and ice melt

For each elevation band of the catchment, the smmmmulation is computed. The solid and liquid jpiéation is
separated based on simple temperature threshold.
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I:)snowz Ptot If T < TO
P =P if @)
lig — tot ifT> 15

where Ry [mm d-1] is the total precipitation B, [mm d-1] the solid and§ [mm d-1] the liquid precipitation. T
[°C] is the mean daily air temperature andsTthe threshold temperature that is set to 0°C.

The time evolution of the snow storage can be enitis:

H t
%\N() = Psnow(t) -M snom(t) 3

where Hpow [mm] is the snow layer height in mm of water eglént and Mo, [mm %7

the actual snow melt.

The snowmelt is calculated according to a tempeganhdex approach.

M p,snow = asnov(T - -IE)) (4)
M — M p, snow if M P snowS H snov 5)
o Hsnow if M p snow> H snou

where M snow is the potential snowmelt [MM™ Mgnow [Mm d¥] the actual snow melt and,Tthe threshold
temperature for snowmelt that is set to 0°C.

For the ice-covered elevation bands, the same eetag approach is used for the ice melt computation

M p,ice = aice(T - Tcrit) (6)
M p.ice If H snow: O

ice = ’ . (7)
0 if Hyp>0

where M ice [mm d'] is the potential ice melt. The actual ice melt§mm d*] is calculated depending on the snow
storage, assuming that there is no ice melt ifglaeier surface is covered by snow. Note that teestorage is
assumed to be infinite. This assumption is justifier short periods only (a few years). For longjenulation periods,
the ice-covered area has to be re-evaluated régular

Runoff model

Ice-covered area
For the part of the catchment that is covered lagigt or isolated ice patches, the runoff modektgis of a simple
linear reservoir approach:
by bty
Quronl) = Qunof 1) (B +[ B 1) + Mo D] L - &) (®)
-ty -ty

Qee(tr) = Qee(t) B ' + M () [L- e ") (9)

where Quoutz) [mm d”] respectively Qq(t;) [mm d'] are the discharge from the snow resp. the icerves at time
step  and Qnout1) resp. Q.(t1) are the discharges at the previous time stgp, &nd l¢. are the time constants of the
snow respectively the ice reservoir.

The total runoff from the ice-covered catchmentaar€, corresponds to the sum of the ice and snowmelt
components:

Qg = anow+ Qice (10)

The runoff model for the ice covered area contdipsrameters to calibratg;eaasnow Kice aNd Know
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Area not covered by ice

For each elevation band of this part of the catattman equivalent rainfall corresponding to the soiriquid
precipitation and snowmelt (eq. 4 & 5) is computed.

F:eq = I:)qu +M snow (11)

Contrary to the glacierized area, the rainfall-ffitcansformation in this part of the catchment hastake into
account slow infiltration processes and direct flinthe equivalent rainfall — runoff transformatigcarried out by
the model SOCONT, a conceptual reservoir-based humleloped at the EPFL. It is composed by twomases, a
linear reservoir for the slow contribution and aflimear reservoir for direct runoff. The equivaleainfall is divided

into infiltrated and net rainfall, supplying waterthe slow respectively the direct runoff reservoi

The slow reservoir has two possible outflows, theebflowQ,,seand actual evapotranspiratig. The net rainfall as
well as the actual evapotranspiration is conditibbg the filling rate S/A of the slow reservoir acding to equations

12 and 13.
y
S
Pet = Rot [éz\j (12)

X
ET = PET [ﬁ% (13)

where ET [mm d], PET [mm &Y, P, [mm d?], and R, [mm d?], are the actual and potential evapotranspiratios,
net and total rainfall respectively. In the presapplication, the total rainfall corresponds to #dupiivalent rainfall
(eg. 11). x and y are exponents of the filling ratefmm] is the maximum storage capacity of theeresir and S
[mm] the actual storage. The specific runoffsg[mm d] is related linearly to the actual slow storagg,gmm]
through the reservoir coefficiengd,.

qbase = I<slowEBsoi

(14)
Qbase = q baseDA c
where Q.se[m® s'] is the base flow and Ac [fhthe catchment area.
The quick flow component {c« [m? s'] is modeled by a non-linear storage-dischargdicelship:
— 12 I3
Qquick - ﬁDDi EHS (16)

where s is the slope of the catchment Rradparameter to calibrate.

The total runoff from the non ice-covered parthaf tatchment corresponds to the sum of the quidktenbase flow:
Qng = Qbase+ Qquicl« (17)

The model has 5 parameters A, k, X, y @nddccording to previous studies (Consuegra D. aed ¥., 1996), the
exponent x and y can be set to 0.5 and 2, respctiVhe parameters A, k arfflhave to be calibrated. Several
applications of the model (for example (Consuegr&tal., 1998), (Guex F. et al., submitted)) hakiewn that this
model is able to reproduce all the major charastieriof the discharge such as floods, flow-duratarnves or
hydrological regime.

Schaefli, B., 2005. Quantification of modelling en@inties in climate change impact studies on masources : Application to a glacier-fed
hydropower production system in the Swiss Alps. AtiBsis, EPFL, Lausanne, 209 pp.

Schaefli, B., Hingray, B., Niggli, M. and Musy, A2005. A conceptual glacio-hydrological model fagthmountainous catchments. Hydrology
and Earth System Sciences, 9(1-2): 95-109.
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