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New parameters for hydrological modelling
Submitted by Enrico Fucile (ECMWF), Fredrik Wetterhall (ECMWF)
_______________________________________________________________________

Summary and Purpose of Document
New entries in table 4.2 are proposed to define parameters used in hydrological modelling.
_______________________________________________________________________

ACTION PROPOSED
The team is requested to validate the proposed new entries.
DISCUSSIONS
Since 2011, The European Flood Awareness System (EFAS) has been part of the Copernicus Emergency Management Service (EMS). Several centres, run by European organisations, are responsible for producing and providing the flood information. ECMWF is responsible for running the forecasts, post-processing, hosting the EFAS information system platform as well as archiving the hydrological output. The output consists of ensemble forecasts of several hydrological and water balance parameters.
EFAS helps to protect European citizens, the environment, property and cultural heritage when major floods occur. It has been developed and tested at the Joint Research Centre (JRC) of the European Commission, in close collaboration with national hydrological and meteorological services, European civil protection agencies through the Emergency Response and Coordination Centre (ERCC), and other research institutes. It provides pan-European overview maps of flood probabilities up to 15 days in advance, and detailed forecasts at stations where the national services are providing real-time data. More than 30 hydrological services and civil protection services in Europe are part of the EFAS network.
Most hydrological services rely either on observations only or on short-term deterministic rainfall forecasts of up to two days or less because the high degree of uncertainty in weather forecasts at longer lead times. Since these uncertainties are also unpredictable, they render the results unreliable and therefore not useful for decision making. EFAS uses multiple weather forecasts and EPS as input. Its forecasts are based on two deterministic, medium-range forecasts from the European Centre for Medium-Range Weather Forecasts (ECMWF) and the German Weather Service (DWD), (and thus different models) and on two sets of EPS: One from ECMWF which covers the medium-range up to 15 days globally (with a spatial resolution of ~30 km and 51 members, and one from the Consortium for Small-scale Modelling (COSMO), a limited area model EPS covering most of Europe with a shorter range up to 5 days (with a spatial resolution of 7 km and 16 members). The reason for using the shorter term EPS is to enhance the spread of EPS within the first few days and to have a finer grid information in particular for mountainous areas. This allows to better identify the location of the floods within the river basin. 
The hydrological model used for EFAS is LISFLOOD. The model is a hybrid between a conceptual and a physical rainfall-runoff model combined with a routing module in the river channel. LISFLOOD has been specifically designed for large river catchments. A particular feature of LISFLOOD is its strong use of advanced Geographical Information System (GIS), in particular as a dynamic modelling framework. Many of the output parameters from LISFLOOD have GRIB code definitions, but for some processes there is a need to extend the parameters. Those processes include:
· Ground water storage in upper zone (uz) and lower zone (lz). Ground water is not the same as soil water storage. Ground water is defined as water in the saturated zone, which is the hydrologically active water. The upper storage contribute to fast responding runoff, and the lower zone to the slow responding runoff (base flow).
· Side flow into river channel is a measure of the rate of water that enters the river. The water consists of contributions from fast and slow responding runoff from soil water and ground water.

· River storage and flood plain storage are measures of surface water contained within rivers and flood plain at a give time. These parameters are important to estimate the total water budget and to estimate the flood extent at a grid cell and the flood risk downstream.

· Depth of water on soil surface is the water on soil that does not infiltrate the soil or is intercepted by vegetation
· Upstream accumulated precipitation and snow melt are the total amount of water that will at certain point pass through a given downstream grid cell. These output parameters are important in the assessment of the potential flood risk in a point on the river network.

· Cross sectional area of flow in channel is describing the wet area of a cross section of a river channel

· Frost index is a parameter that describes whether the water in soil is frozen or not (see below description)

· Snow depth at elevation bands is the amount of snow at different elevation bands within a grid cell. This is important to determine the snow that potentially melts at certain temperature thresholds. This parameter describes the elevation variation within a grid cell.

In this context all the parameters described above are going to be exchanged in GRIB format and they need to be added to code table 4.2.
PROPOSAL
The following additional entries are proposed for code table 4.2.
Product discipline 1 – Hydrological products, parameter category 0: hydrology basic products
	Number
	Parameter
	Units
	Description

	8
	Groundwater upper storage
	kg m**-2
	Ground water storage in the upper saturated zone. Corresponds to fast responding (storm) flow.

	9
	Groundwater lower storage
	kg m**-2
	Ground water storage in the lower saturated zone. Corresponds to Base flow-groundwater runoff.

	10
	Side flow into river channel
	m**3 s-1 m-1
	Rate of runoff that enters the river channel in each grid cell. The runoff consists of the contributions from surface runoff, outflow from ground water, additional runoff from rivers and reservoirs. Calculated as a flow (m3/s) per m river length. 

	11
	River storage of water
	m**3
	Total amount of water storage in the river network within a grid cell over the last time step. The term storage refers to the total volume of water 

	12
	Floodplain storage of water
	m**3
	Total amount of water storage on the floodplain within a grid cell over the last time step. The term storage refers to the total volume of water. A floodplain is defined as: "A flat or nearly flat land adjacent to a stream or river that stretches from the banks of its channel to the base of the enclosing valley walls and experiences flooding during periods of high discharge" (Goudie, A. S., 2004, Encyclopedia of Geomorphology, vol. 1. Routledge, New York. ISBN 0-415-32737-7) 

	13
	Depth of water on soil surface
	kg m**-2
	Total amount on water on soil surface that is not infiltrating the ground or intercepted on vegetation. The parameter can also be defined as water intercepted on soil.

	14
	Upstream accumulated precipitation
	kg m**-2
	Total accumulated precipitation (rain + snowfall) upstream each grid cell, including the value of the grid cell, for each time step

	15
	Upstream accumulated snow melt
	kg m**-2
	Total snow melt from areas upstream each grid cell, including the value of the grid cell, for each time step 


Product discipline 1 – Hydrological products, parameter category 2: inland water and sediment properties

	Number
	Parameter
	Units
	Description

	13
	Cross sectional area of flow in channel
	m**2
	Channel cross sectional area is defined as the cross section area of the water flowing in the river channel (wet area). The channel cross section area multiplied by the mean velocity of the flow gives the discharge


Product discipline 2 – Land surface products, parameter category 3: soil products 
	Number
	Parameter
	Units
	Description

	24
	Frost index
	°C day-1
	When the soil surface is frozen, this affects the hydrological processes occurring near the soil surface. To estimate whether the soil surface is frozen or not, a frost index F is calculated. The equation is based on Molnau & Bissell (1983, cited in Maidment 1993), and adjusted for variable time steps. (*)

	25
	Snow depth at elevation bands
	kg m**-2
	Snow depth in water equivalent at elevation bands. The parameter needs to have several layers to represent elevation bands 


 (*)The rate at which the frost index changes is given by:

dF/dt = (1-Af)F-Tav•e(-0.04•K•ds/wes)

dF/dt is expressed in [°C day-1 day-1 ]. Af is a decay coefficient [day-1], K is a a snow depth reduction coefficient [cm-1], ds is the (pixel-average) depth of the snow cover (expressed as mm equivalent water depth), and wes is a parameter called snow water equivalent, which is the equivalent water depth water of a snow cover (Maidment, 1993). The soil is considered frozen when the frost index rises above a critical threshold of 56. For each time step the value of F [°C day-1] is updated as:

F(t) = F(t −1) + dF/dt•Δt

F is not allowed to become less than 0. 
