





























Table 2. Requirements for EQ products in hydrological models and flood prediction.

Model Purpose Spatial resolution (m) | Temporal resolution
HBV Winter 250-1000 Monthly

Snow melt runoff 250-1000 Weekly (April-July)

Spring flood 250-1000 2-3 days (April-July)
ECOMAG | Winter 1000 Monthly

Snow melt runoff 1000 Weekly

Spring flood 1000 2-3 days

Table 3. Primary map snow products (from Solberg et al. 1997).

Name Parameter | Application | Spatial Temporal Delivery | Precision Accuracy
Resolution resolution | time

SCA-HDAY SCA C&M 500 m| 1/2 day 2 hours 10 cls. 80%
SCA-DAY SCA WRM/FRF 250 m )] 1 day 0.5 day 10 cls. 80%
SCA-WEEK SCA WRM/FRF 250 m] 1 week 1 day 10 cls. 80%
SCA-MONTH SCA WRM/FRF 250 m] 1 month 1 week 10 cls. 80%
SWE-DAY SWE WRM/FRF/C&M 250 m} 1 day 0.5 day 100 mm 50 mm
SWE-WEEK SWE WRM/FRF/C&M 250 m| 1 week 1 day 100 mm 50 mm
SSA-DAY SSA C&M 500 m} 1 day 2 hours 10 cls. 80%
SVW-DAY SVW WRM/FRF 500 m{| 1 day 0.5 day binary 80%
SCA = Snow Covered Area C&M = Climatology and Meteorology
SWE = Snow Water Equivalent WRF = Water Resource Management
SSA = Snow Surface Albedo FRF = Flood Risk Forecasting
SD = Snow Depth ARF = Avalanche Risk Forecasting
SST = Snow Surface Temperature
SVW = Snow Volume Wetness
SSW = Snow Surface Wetness

3. Snow parameters from EO
sensors

The types of sensors of interest for deriving snow parameters are optical, radar and
passive microwave radiometers (PMR). The Norwegian users require data with a
spatial resolution of 250-1000 m. This requirement is met by the optical and radar
sensors, but not the PMR. The required temporal coverage is in the range of one day
to one month, depending on the time of year, application and rate of change in snow
conditions. In the melting season, most users require coverage every one to a several
days (Kolberg et al. 1997). This limits the applicability of using satellite/sensor
combinations such as Landsat TM, SPOT HRV and ERS SAR.

Optical sensors covering the right frequencies and with appropriate spectral resolution
provides information on snow covered area (SCA), snow surface albedo (SSA), snow
surface wetness (SSW) and snow surface temperature (SST). Data from optical
sensors are limited by cloud cover.

A Synthetic Aperture Radar (SAR) with the right frequencies, polarisation and
incidence angle can contribute to information on SCA, snow water equivalent (SWE)
and snow volume wetness (SVW). Short wavelengths are required for SCA, where
the discrimination between snow and bare ground is based on different surface
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roughness characteristics. SAR sensors are best for wet snow mapping and it is
assumed that snow coverage is close to 100% above the melting zone.

The present relatively high cost of some EO products is also a limiting factor for full
utilisation of EO derived information in hydrology. However, large changes are
taking place within the EO industry which will affect future data policy, including
price and availability. In order to improve methodology for remote sensing of snow
parameters and the use of snow parameters in hydrological models the future EO data
policy must be taken into consideration.

4. Scenarios

The scenarios for using EO data in hydrological models include snow parameters
derived from both optical and SAR sensors. The low cost, good coverage and the high
frequency available with optical data makes it possible to use these data as a basis for
updating the hydrological models. However, long periods of cloudy weather require
additional use of radar data that provide guaranteed repeat coverage.

4.1 Operational scenarios

For the national flood warning service a combination of optical data, covering the
whole country, and radar data, covering essential regions, would realistically generate
EO data at least monthly for the whole country and at least weekly for the radar
regions. Updating the models by EO data weekly from April to July would satisfy the
requirements for most situations. However, certain critical situations in spring and
autumn, when it is important to know whether the new fallen precipitation has come
as rain or snow, requires more frequent updating. The combination of the cost of
these data and the user requirements will possibly make operational use of radar data
reasonable for catchments or regions up to ~10.000 km®. Four important regions, each
covering ~10.000 km?, are identified and shown in Figure 3. Each region covers areas
where snowmelt contributes significantly to the largest floods in the major river
systems in southern Norway. Region 1 covers the upper part of Glomma, Orkla and
Gaula. Region 2 covers the upper parts of Gudbrandsdalslégen, Driva and Rauma.
Region 3 covers the upper parts of Drammensvassdraget, while region 4 covers the
upper parts of Skiensvassdraget and Numedalslégen.
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Figure 3. Possible regions for regular operational EO updating of hydrological models.

The optimal scenario, ignoring the costs, would be regular EO updating at least
weekly in October-December and April-July for all operational hydrological models
used by the flood warning services at NVE. These models will cover watersheds over
the whole country. In addition, EO data should be available at short notice (~ 1 day)
when critical situations occurs. This would lead to better forecasts for the whole
country, both with respect to the quantitative simulation of discharge in the rivers and
to the qualitative description of regions affected by snow melting.

A more realistic scenario would be regular EO updating at least monthly in October-
December and April-July for all the operational models, and at least weekly in the
same periods for the models in one or more of the four regions (Figure 3), depending
on the cost of EO data. This would give better forecasts and information about the
snow conditions in remote areas in the river systems themselves.
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4.2 Experimental scenarios

For an experimental project a combination of optical data and radar data will
realistically generate historical EO data approximately weekly for the period 1996-
2000 for the catchments shown in Figure 2. This should satisfy the requirements for
calibrating HBV models for these catchments. The Aursunden catchment, where the
ECOMAG model is run, has a shorter period (1998-2000) of hydrological data
(except for runoff) and will possibly require more frequent EO data in the model
calibration. However the snow module of the model can be calibrated for the whole
period.

For the N. Heimdalen and Aursunden catchment, radar scenes from 1996-2000 are
available about twice a month in the melting period. The scenes covering Heimdalen
also cover most of the Sjodalsvatn and Vindeelv catchments (see Figure 2).
Approximately 60 radar scenes and 60 optical scenes, a total of 12 scenes per year for
each catchment, will be required for the model calibration of these catchments.

The optimal experimental scenario will be a combination of weekly optical and radar
data used in the model calibration of at least ten HBV catchments in different regions
including at least two catchments for the ECOMAG model. The potential
improvements from snow updating should be analysed concerning catchment area,
type of region, type of terrain and time of year. Due to the cost of radar data a more
realistic scenario would be to focus on at least five clustered catchments (see Figure
2) covered by the same radar scenes for model calibration against radar data.
Maximum five catchments, in other parts of the country, should be calibrated against
optical data. The frequency of available optical data will probably be less than once a
week, but longer calibration periods, say 10 years, will reduce this problem. A
calibration of the ECOMAG model for more than one catchment is unlikely in the
SnowMan project due to the data demands of this model.

5. Conclusion

For hydrological modelling with the HBV and the ECOMAG models the most
important snow parameters are snow covered area, snow water equivalent and snow
volume wetness. These parameters are required with a resolution of 0.25-1 km? for

the actual catchment scales in the SnowMan project and for operational flood warning
at NVE.

A combination of optical data and radar data will realistically generate historical EO
data approximately weekly for the suggested experimental catchments. This should
satisfy the requirements for calibrating the hydrological models for these catchments.
The cost of the radar data reduces the size of the region from which radar data and
optical data can be used in experimental modelling. However, longer calibration
periods can be achieved by using optical data alone, which makes the use of other



regions possible. The most realistic experimental scenario is thus using a combination
of radar and optical data in the calibration of hydrological models for at least five
relatively close catchments in essential areas. Maximum five other catchments,
distributed around the country, will be calibrated against optical data alone.

For operational flood warning the most realistic scenario is monthly updating of the
operative hydrological models by optical data. For models in essential areas weekly
updating (radar or optical data) is expectable in the critical periods of October-
December and April-July.
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