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 In Europe: full application of the Water Framework Directive 

2000/60 (more water for the environment) 

 Multiple users management

 EU 20-20-20 Goals* 

Water Resources Assessment: for what?

(*) 20% increase in energy efficiency, 20% reduction of CO2 emissions, and 20% renewables by 2020 
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Top-down planning: large-scale view (policy, 

administration, …) 

Bottom-up development: 

local-scale view (senctions of 

interest, irrigation districts, …) 

WR Assessment tools? 
Flow Duration Curves (FDC) 
(i.e. distribution of daily runoff)
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Study area and location of gauging stations 

used in the regional analysis

Estimation of the Flow Duration Curves (FDC) in ungauged sites

This work presents a WPS service, built up using PYWPS and GRASS as backend, for 
geoprocessing operations to estimate the FDC in ungauged basins in North-West Italy.
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Method adapted from flood freq. analysis

• Laio et al. 2011, J. Hydrology

• Ganora & Laio 2015, WRR

Spatially Smooth Estimation method (SSEM) for FDCs
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LN3 – GLO best 

performing on average

but NEGATIVE Q values

Final choice

Burr-XII distribution

(NO Negative Values !)

Ganora & Laio 2015, 

j. Hydrologic Engineering ASCE

FDC Model selection
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Relations between descriptors and L-Moments

Gli L-momenti permettono di 
scegliere la distribuzione adatta

a = f(Y,b,c)
b= f(LCA, LCV)
c= f(LCA, LCV)

Estimation of the mean annual flow (mm):

Estimation of L-CV:

Estimation of L-CA:



3rd International Electronic Conference on Water Sciences (ECWS-3), 15-30 November 2018

Application framework

DELIMITATION 

OF THE BASIN

EXTRACTION OF THE 

GEOMORPHOLOGICAL 

AND CLIMATIC 

CHARACTERISTICS

COMPUTATION of 

DISTRIBUTION

(Burr, Weibull, Pareto) 

PARAMETERS

APPLICATION OF 

REGRESSION MODELS FOR 

L-MOMENTS (Y, LCV,LCA) 

ESTIMATION
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First application (Qgis) To WPS services

QGis Processing Toolbox

➢ Provide access to GIS data and functionality 
over the internet

➢ Allows users to access calculations
independently of the underlying software

➢ Data does not need to be housed locally
(client side) but are maintained by the 
hosting entity

➢ Server processing times faster than client 
side scripting

Geoinformation platform
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A WPS (Web Processing Service) is one of the OGC specifications to provide access to GIS 
data or functionality over the internet in a standardized way.

OGC Standard services:
• WMS - Web Map Service
• WFS - Web Feature Service
• WCS - Web Coverage Service
• WPS - Web Processing Service

Tech advance: WPS implementation
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Mapping application: 
Javascript, 

Openlayers, CSS…

SERVER

Browser

Plugin 
WPS

QGIS, ArcGIS

WMS
WFS

WCSC

WPS

WPS
Extension

PyWPS

GRASS

PyWPS enables integration, publishing and 
execution of Python processes via the WPS 
standard.

The platform developed
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Two WPS procedures are developed:

➢ Basin boundary delineation

➢ Extraction of basin descriptors and estimation of regional FDC curve:

The WPS services proposed

GRASS

r.water.outlet
Creates watershed basins from 

the drainage direction map

Watershed delineation
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BASIN BOUNDARY 

DELINEATION 
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BASIN DESCRIPTORS 

EXTRACTION 
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ESTIMATION OF REGIONAL FDC CURVE

GRASS

r.univar

r.stats

Python
Estimate regional 

L-moments

computedistributi

on parameters

Plotting FDC 

curve

openpyxl

Matplotlib
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ESTIMATION OF REGIONAL FDC CURVE
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ESTIMATION OF REGIONAL FDC CURVE
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Thank you for your attention
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