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SUMMARY

The Swedish Meteorological and Hydrological Insti-
tute SMHI has in October 2021 introduced impact-
based flood warnings in addition to the existing
warnings for high flows. The flood warnings can
capture fluvial flooding along rivers and lakes where
the upstream area is larger than 50 km?®. Pluvial
flooding cannot be simulated within this setup, but it is
taken account of in a meteorological warning, "cloud
burst”.

The general procedure of calculating the flood extent
IS similar to the Rapid Impact Assessment within

EFAS and builds on a flood inundation map library
approach (Fig. 1).

First experiences show that the system is working reli-
ably, but also that there is a high number of wrongly
highlighted areas that need to be manually rejected.

Fig. 1 (to the right): MODELLING STRATEGY

Schematic of the modelling strategy used for the impact-based
flood warnings in Sweden. A flood inundation map library is
created in advance in offline simulations and applied in the

operational process chain run twice dalily.

GENERAL MODELLING SETUP

Floods are simulated for 13,500 sub-catchments of the nat-
ional hydrological model S-HYPE!"4. Only sub-catchments
with an upstream area larger than 50 km* are included.
Approximately 10,000 river catchments are modelled with
the coupled 1D-2D hydraulic model LISFLOOD-FP"! and
around 3,500 lake catchments are modelled with a
simplified GIS-interpolation model in GRASS-GIS", where
inundation is a function of water level from S-HYPE.

The simulated catchments have an average size of 8 km®.
The spatial resolution is generally 5 m, but was locally
iIncreased to 1 m where dam structures were not properly
reflected. A flood inundation map library was generated that
includes water depth maps for 6 return periods (2, 5, 10,
25, 50, 100 years) for each of the simulated catchments.

HYDRAULIC MODEL FOR RIVER CATCHMENTS

The river channel in each catchment model needs to be de-
fined with depth, width and friction (Manning’s coefficient).
These values are constant throughout the whole channel.
Hydraulic geometry™ is used to derive depth and width
values on a national scale.

Constant inflow at defined return periods during 72 hours is
used as upstream boundary condition. Downstream boun-
dary conditions can be either a lake or the sea with a con-
stant level or normal depth in absence of a lake/sea level.

The channel friction parameter was calibrated and the
models were classified according to their deviance from
observed water levels 02 05 0.7m

(Fig. 2). |
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IMPACT CALCULATION

The only calculation that is done operationally is the inter-
polation of the water depth map to the forecasted flow
return period (Fig. 1). The associated impacts are auto-
matically calculated through intersection of the interpolated
water depth map with different impact data maps, e.qg.
roads and railway network or buildings!®®. The impacted
objects are automatically summarised for minor warning
areas (around 5 km of a river stretch or lake shore) and
visualised in a hydrological forecasting system that the
officer on duty analyses twice daily (Fig. 3).
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Fig. 3: VISUALISATION IN FORECASTING SYSTEM

The impacted objects are automatically calculated and
summarised for minor warning areas (dashed rectangles) .

Table 1: WARNING CRITERIA

Summary of warning criteria for the different types of impact data
(roads and railways, buildings, other areas) per warning level.
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Models processed: 9640
200 Models successfully calibrated: 8592
... Good models: 2162

... Uncertain models: 2761

... Highly uncertain models: 2042

... Bad models: 1627

Fig. 2 (to the right):
CALIBRATION RESULTS «
FOR RIVER MODELS

The hydraulic models for
the river catchments were 200
calibrated and classified
according to deviance from
observed water levels. .
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ISSUING WARNINGS

The warning level is automatically assessed according to
pre-defined criteria (Tab. 1). A unique feature of the impact-
based warnings in Sweden is the mandatory collaboration
with regional flood defence actors in advance of a warning,
allowing to incorporate local knowledge into the warning.

Flood warnings are aggregated and summarised for war-
ning areas in a rather general way on the warning
homepage (Fig. 4). No detailed water depth maps are sha-
red with the public.
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Fig. 4: WARNINGS FOR THE PUBLIC
View can be switched between the 4 days in the forecast period.

VALIDATION

A validation for case studies in southwestern Sweden in
2020 shows promising results for higher flow return periods.
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Fig. 5: QUALITATIVE VALIDATION
Validation using aerial images from a flooding event in 2020.
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