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Abstract A first case study for the estimation of flood damages in the eastern Honghu flood di-
version area is presented in this paper. The results display flood risk zones based on simulated esti-
mation depths. They are the basis for an integrated model for flood damage estimation which com-
bines a GIS-based hydrodynamic model for flood depth estimation with flow propagation and a GIS-,
and RS-based unit flood damage model with different tangibles of flood damages. Hereby, the inte-
grated flood damage estimation model proofs to be applicable at the Yangtze River.
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At present, great attention regarding flood protection is paid to the construction of the Three
Gorges Project (TGP) at the Yangtze River. The TGP will definitively reduce the flood risk
downstream of the dam but it is not the final solution for flood protection at the Yangtze River.
The floods in 2002 have shown that the Yangtze tributaries contribute much to the flood risk at
the Yangtze River. In addition, several flood events might occur until the dam will have full op-
erational use for flood prevention in the year 2009.

Precipitation as the main reason for floods at the Yangtze River can be regarded as being
underlying positive and negative trends ™. Therefore, the magnitude of future flood events is
unknown and cannot be estimated at present. Even if a hydrological forecast can be made, the
elementary challenge is the handling of benefits and costs of flood protection measures. If the
economic effects of floods are supposed to be minimised by flood control measures, the analysis
of potential losses has to be enforced. Therefore, the potential risk within a flood diversion area
or an embanked polder area, as part of structural flood protection in Hubei Province will be as-
sessed in the current paper.

1 Flood Hazards

The morphological retention areas in between the river channel and the primary dykes at the
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Yangtze river had successively been reduced in the 20th Century to zero especially by building
secondary dykes and claiming the retention areas **1. Nowadays, the cultivated land stretches
from the high banks directly to the channel and builds an area that could be described as a recent
floodplain if there were no dykes [“. Therefore, the cultivated land in the morphological flood-
plain can be regarded as high flood risk areas, even if overbank flood spill is not reached. It is
impossible to permit the constructional use of these old settlement areas, but flood-prone areas
should be distinguished as those, as it happens in Germany, by urban land use planning .

The flood hazard probability will be reduced if pre-flood management provides adequate risk
information for these areas e.g. flood risk zone maps and evacuation plans. An operational flood
management system can minimise losses e.g. if evacuation plans are properly applied and all
means of structural and non-structural flood protection are considered.

The Honghu flood diversion is a suitable area to apply an integrated model for flood risk map-
ping and deriving pre-flood management tools from this.

2 The Honghu Flood Diversion Area

The planning of fifty flood diversion areas with a flood capacity of 50<10° m3along the mid-
dle reaches of the Yangtze River was decided in the 1950s ®!. The polder construction was in-
tended to be finished with the improvement of dykes and the construction of reservoirs at the
Yangtze tributaries ). Additionally, reservoirs with a capacity of another 50x10° m3were con-
structed in Hubei Province until today. They are supposed to mitigate flood waves from the trib-
utaries, supply fresh water, and generate energy 1.

However, the realisation of the official flood diversion plans was never accomplished. Polders
like Jingjiang have been integrated in the planning and 24 polders in Hunan province have been
constructed . Others like the large Honghu flood diversion area have never been completed.

Honghu flood diversion area is the biggest of the designated retention areas. It is located be-
tween the mouth of Dongting Lake and Wuhan city at the northern bank of the Yangtze River in
Hubei Province. The Honghu plain is part of the lowlands, which stretches from the northern
Yangtze bank to the southern Hanjiang bank, namely the Jianghan plain.

The Jianghan plain is one of the most important bases for China’s agricultural production but
also a region where flooding and waterlogging occur frequently. This is due to the low-lying
character of the area, which is characterised by deep alluvial deposits of the Yangtze River. The
former floodplain of the Yangtze River is marked by numerous small rivers, artificial drainage
and irrigation channels and shallow lakes, which were formed by the meandering Yangtze River
and shallow groundwater. The waterways were formerly embanked by natural levees and over-
flowed those regularly and formed a depressed convex-shaped area of a typical wetland type.
From the existence of the numerous lakes and waterways Hubei province got it’s name “water
bag”.

Naturally, the Honghu plain as part of the Jianghan plain fulfilled the function of flood reten-
tion and flood regulation. After the 1954 flood event, the eastern embankment of the floodplain
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was established and the natural flood diversion capacity was lost. Based on a podium discussion
between Hubei and Hunan provinces, the Honghu floodplain was designated as a flood diversion
area.

The area of Honghu flood diversion district covers 2783 km=2with a floodwater capacity of
17.7%10° m3%. It contains 800km? mu cultivated land and is inhabited by 865000 people ™.
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Fig. 1 Complete and Eastern Honghu Flood Diversion Area

In it’s present form, Honghu flood diversion area cannot fulfil its designated role anymore A,

If flood control in this area is supposed to be carried out, the polder has to be divided into several
smaller parts. The actual planning of the Hubei Flood Control Office for the Honghu flood di-
version area is proofing a division into three parts of which one would not be used for flood di-
version anymore ™. Therefore, flood risk mapping for the Honghu flood diversion area will be
carried out for the eastern part of the polder area (Fig. 1). This is also advantageous since the

size of the eastern part is about 830 km” A comparison with other same sized flood diversion
areas such as Jingjiang flood diversion with an area of 920 km=3will be feasible in further studies.

3 Calculation of Flood Water Levels

3.1 Data Preparation

The geo-spatial data for flood risk mapping are based on topographical maps, hydrological
planning maps, and satellite images. They contain contextual and automatically acquired infor-
mation. Contextual information on topography, waterways, administration, elevation, infrastruc-
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ture, and the geocoding of the satellite images are from 21 topographical maps 2. They were
scanned, geocoded, and digitised by the Chinese partner institute in Nanjing in autumn 2002.
Furthermore, the LandsatTM 7/ETM image 123/39 (2000-02-16) was used for automatic data
acquisition schemes. The LandsatTM images were geocoded using existing studies ! and based
on the topographical maps for Honghu area.

The information on elevation (points and isolines) from the topographical maps were taken as
thresholds for the calculation of a Digital Elevation Model (DEM). Isolines were transferred to
points and, in addition to all other points from the maps, spatially interpolated by applying the
Inverse Distance Weighted (IDW) interpolation method. The interpolated raster surface is based
on a weighted average of the elevation points. The value of each cell is mostly influenced by
nearby points and less by more distant points. The IDW method requires the specification of the
power parameter and the search radius. The power parameter controls the significance of calcu-
lated station values upon the interpolated values. By defining a high power, more emphasis is
placed on the nearest points, and the resulting surface will have more detail. The power parame-
ter in the IDW interpolation was set to 6. The choice of the relatively high power ensures a high
degree of local influence and giving the output surface increased detail. The search radius has
been specified by choosing a number of 4 neighbouring stations, i.e. the spatial interpolation has
been carried out within a fixed radius of 4 neighbouring stations ™.

The boundary layer for the eastern Honghu dyke was converted to a grid file and taken as a
flow barrier for the analysis.

3.2 Simulation of Flood Depths

The input for the estimation of flood depths in eastern Honghu flood diversion area was given
by a single cell inflow. A hydrograph data file hereby feeds the model with water. The hydrody-
namic calculation is carried out by an ArcView extension from Heidelberg’s Geomer Company.
“The calculation of inundation areas is based upon a hydrodynamic approach. All eight neigh-
bours of a raster cell are being considered. The discharge volume to the neighbouring cells is
calculated using the Manning-Strickler formula. The gradient is defined by the difference be-
tween the lowest water level and the highest terrain elevation found in the cell and the neigh-
bouring cells. This is done for each of the neighbouring cells. The width of the flow between cells
is considered to be the same for all neighbours. For the diagonal neighbour cells the different
length, though, is accounted for by the algorithm. The smallest iteration time step is adjusted dy-
namically. An important control criterion for this adjustment is the amount of water available. If
the discharge rates become too large compared with the available volume, the iteration time step
will be reduced. Only water level changes exceeding 1mm are considered by that control mecha-
nism. If the volumes exchanged between cells are very small, the algorithm will increase the iter-
ation time step. This permanent optimisation keeps processing time at a minimum™ ™,

The hydrograph represents a constant inflow of 10000 m3 for four days and is aimed to proof
the applicability of the model. The model output is inundation depth above surface area. The sin-
gle cell inflow simulation was stared at Longkou flood diversion gate (Fig. 1). This gate is sup-
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posed to be opened for the use of Honghu flood diversion area.

Roughness values were specified to adapt the flow velocities to real world conditions. These
values were derived from a satellite image based land use classification. The classes water (40),
settlement (2), forest (6), non-irrigated land (20), and irrigated land (30) were classified (Man-
ning values parenthesised). The Manning roughness values were given as 1/n whereas n is in
units of m*>s.
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Fig. 2 Eastern Honghu Flood Inundation

Based on this simulation, the maximum inundation after four days is 12.5m. The inundation
zones are displayed in Fig. 2. A zone with an inundation between 4 and 6 meters stretches
through the central part of eastern Honghu flood diversion area. This is a former lake area of
Jianghan plain and mainly covered by water bodies and rice paddies today. The most of eastern
Honghu is inundated by 2-4m. This inundation is enough to destroy all values in the house’s
ground floors and to destroy the crop if the water is not drained within a few days. Other areas
have not been covered by flooding water yet (highlighted in Fig. 2). They might be designed as
safety areas in future evacuation maps. But inundation depths do not necessarily represent flood
risk zones. They rather have to be estimated by also considering land use information. These data
have just been acquired now. Since there has been no quality check, they cannot be applied in the
present study yet.

If new economic data are available, the zhen-statistics and inundation values can be overlaid.
By doing this, damage functions area created. Damage functions characterise the coherence be-
tween monetary flood losses based on land use classes and parameters of the floods such as in-
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undation depth or spatial and temporal distribution of the inundation. For the development of
damage functions, it is indispensable to create a land use referenced damage.

4 QOutlook

A first glance at the present results shows the severe situation of Honghu flood diversion area.
The possibility of a high inundation enables a high flood diversion volume on the one hand but
increases potential losses on the other hand due to an enormous velocity and complete overflow-
ing of whole cities. The inundation will be even more disastrous in an upcoming flooding sce-
nario since the 1998 hydrograph of Luoshan station will be taken in consideration. By applying
this hydrograph to the Yangtze channel, more regard can be emphasised to the real channel con-
ditions with rising and falling water depths. Nevertheless, the estimation of potential flood dam-
age is essential for long-term flood prevention planning and emergency management. It will be
the basis for flood risk maps and evacuation plans and can be applied to strengthen the people’s
awareness towards floods hazards, contribute to improve the safety of communities, and conse-
quently make them more sustainable in a social and economic way. In a first step, the mitigation
of flood damage and losses in the Honghu area depends on stocktaking of economic values and
potential losses in flood-prone areas. This will be accomplished when new economy statistics are
available. Nevertheless, forms of damages are very diverse, e.g. through to water pressure,
upwelling, wash of waves, erosion, avulsion, siltation and accumulation, short-circuits, etc. They
can not be assessed due to the comparatively big size of the flood diversion areas. The estimation
of potential losses by applying hydrodynamic models and statistical data will therefore be the
backbone of further studies which will also focus on the comparison of different flood diversion
area. The economic costs of using Jingjiang and eastern Honghu flood diversion areas will then
be assessed in a cost-benefit analysis whereas the benefit will be illustrated in a decrease of the
water level in the main channel due the application of the flood diversion manoeuvre.
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