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In alpine regions and in the plain areas at the 

feet of mountains, the prediction of slow re-

sponse hydrological events, such as monthly 

mean discharge prediction, is a very useful in-

formation which allow effectively managing the 

hydrological resources [1]. This is a critical as-

pect in many social and economic applications 

including water availability management for 

agriculture and domestic use and hydropower 

reservoir scheduling. Unlike fast hydrological 

events, such as floods, slow response dischar-

ges depend typically on the depletion of the 

catchment, which is related to the catchment 

state. For this reason, they are generally easier 

to predict with a longer lead time. In particular, 

in alpine regions, the snow accumulated in the 

basin play the role of “water tower” and there-

fore it is an important parameter that describes 

the state of the catchment, thus providing rele-

vant information for predicting the discharge. 

Traditionally, statistical models, e.g. autoregres-

sive moving-average (ARMA), have been widely 

developed in order to predict the monthly mean 

discharge on the basis of flow rate time series 

[2]. More recently, machine learning techniques 

such as artificial neural network (ANN) and sup-

port vector machine (SVM) have been emplo-

yed for the same purpose, leading, generally, to 

more accurate results [2, 3]. 

Machine learning techniques are very flexible 

and they can ingest various inputs coming from 

different sources [4]. Based on the previous 

considerations, the main objective of the pre-

sented work is to develop a SVM system able 

to predict monthly mean discharge considering 

as inputs climatological and meteorological va-

riables and especially snow cover extent time 

series retrieved by remote sensing methods, in 

addition to discharge time series. The snow ex-

tent information has been extracted from 250 

meters resolution daily snow cover maps obtai-

ned from MODIS products [5]. The meteorolo-

gical and climatological data used in this work 

include North Atlantic Oscillation (NAO), Wave 

Amplitude Index (WAI), Baroclinic Amplitude In-

dex (BAI), the Standardized Precipitation Index 

(SPI) and temperature. 

Considering a dataset composed by a time 

series from 2002 to 2012, a feature selection 

procedure over 14 alpine catchments in South 

Tyrol (North Italy) has been realized with SVM 

in order to infer which features are the most 

relevant for the prediction of the monthly 

mean discharge. In particular, we have found 

that the introduction of the snow cover extent 

time series together with the selected meteoro-

logical parameters can improve the estimation 

performances lowering the root mean square 

error (RMSE) up to 18%. The overall accuracy 

of the SVM prediction system ranges from 26% 

and 28% in terms of RMSE expressed as per-

centage and between 0.73 and 0.85 in terms 

of R² between measured and estimated water 

discharges for the prediction with one month 
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in advance. For comparison, the reference hy-

drological forecasting method, i.e. the most 

used method in the considered test site, which 

consists in computing the climatological ave-

rage of the target discharge in the 10 previous 

years gives a RMSE ranging from 28% to 44% 

in percentage and R² between measured and 

estimated water discharges ranging from 0.61 

and 0.77. This demonstrates that the use of 

SVM and snow cover maps is a very potential 

method for seasonal hydrological forecast 


