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Classification of Flood Depth and Extent Using GIS and MIKE 11

1. Introduction

This study examined the feasibility of using
Geographic Information System (GIS) technolo-
gy and hydrodynamic modelling to classify and
map flood depth and extent. This was the first
time in Bangladesh that GIS was used to enhance
the output of MIKE 11, the hydrodynamic
model adopted as the standard by the Flood
Action Plan (FAP). In the course of the study,
a variety of GIS software, analysis methods, and
assumptions were investigated.
1.1 Basic Techniques

Although MIKE 11 data are generally presented
in tabular form, by using GIS techniques that
same data can be used to develop a spatial model
of flooding extent. T

Flood depth classifications produced by this

method have many applications, among them: |

resource allocation and optimization modelling,

crop suitability studies, environmental impact
assessment, and disaster preparedness studies. |

The flood depth maps and spatial data generated
by the methods outlined in this report can be
compared with other GIS themes, such as land
use and soil type.

This study used GIS surface modelling, a tech-
nique in which a DEM is created for both the
land surface and the flood level surface (FAP 19
February 1993a). The intersection of the two
surfaces defines the potentially flooded area and
the depth of flooding. Figure 2 shows a hypo-
thetical vertical section through a floodplain

landscape—assuming a horizontal water sur-
face—with depth categories and zones indicated.
The GIS models the expected depth of flooding
by extending the process to two dimensions from
the point data results of MIKE 11. Those results
were used to produce flooded area extent-dura-
tion-depth curves for "with project” and "with-
out project” scenarios. Assuming there are
sufficient data points, this allows the flood depth
to be represented over the extent of the area of
interest. In all cases the flood depth was mapped
using a grid or raster-based DEM. In some
cases, however, data structures based on a
Triangular Irregular Network (TIN) were used
to interpolate water levels onto a grid and create
a framework for a raster-based interpolation.
Land and Water Surface
Modelling

1.2

Experiments were carried out using data from
MIKE 11 regional and subregional models, and
Dlg:tai Elevation Models (DEMs) created using
the two sources of nationwide land surface data:
the Master Plan Organization (MPO) 1 km grid
and the Bangladesh Water Development Board
(BWDB) 4 in. and 8 in. to 1 mi. maps (FAP 19
February 1993a and 1993b). The subregional
model was based on the FAP 20 Tangail Com-
partmentalization Pilot Project (CPP). Regional
model outputs were taken from the North Cen-
tral and Southwest regions. Figure 1 shows the
location of the study areas.

MIKE 11 provides water level results at each
cross section or flood cell of the model. The
location of the cross section, or boundaries of
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the flood cell, are fixed for the model, providing
the only information available to interpret water
levels for floodplain mapping. The water level is

assumed to be representative of the cross section

or flood cell. The validity of this assumption
depends on the sophistication and detail of the.
model. All flooding is assumed to be caused by
the modelled drainage network; flooding by,
drainage congestion is not considered. Thus the
flood depth classification may tend to underesti-
mate flooding in some areas.

The accuracy of the flood surface generated by
GIS modelling is influenced by assumptions
about the nature of flooding. Different modelling
options were considered in seeking to generate
the most representative flood surface. These
were:

. Assuming a sloping water sur-
face versus a level pool in each
flood cell.

. Including only flood surfaces

contiguous with the main river
versus noncontiguous water sur-
faces.

It is difficult to construct a genuine sloping
surface from the one-dimensional MIKE 11
output. The best way to do so would be to
construct a TIN based on the exact location and
extent of the potential flooded width at each
section, but these data are not readily available
(Figure 3). An alternative method is to create a
sloping water surface from a TIN-structured
DEM taken directly from the MIKE 11 water
levels, then interpolate the TIN onto a regular
grid. The procedure to determine the flooded
areas from this potential model is identical to
using a grid structured DEM. Contiguity with
the main river is difficult to model because of
the lack of reliable information. So, for this

study, noncontiguous areas of flooding were
normally accepted. The exception to this was for
known project areas, which in some cases were
"masked out” in the flood depth model and
designated as poldered areas.

MIKE 11 model scheme plans were digitized
from 1:50,000 scale mapping for subregional
studies and 1:250,000 scale for regional studies.
Although vector data processing methods were
used to create DEMs of the water surface, flood
depth estimates were made using a raster format.
The basic raster size for the subregional studies

for the regional studies. To put the grid sizing
into perspective, 40 m corresponds to 0.8 mm
on the 1:50,000 scale maps and 300 m corre-
sponds to 1.2 mm on the 1:250,000 scale maps.

2. Tangail Subregional Model

The Tangail study area, located in the north
central region, comprises 13,000 ha at latitude
24°10" to 24°20" north, and longitude 89°50”
to 90°31" east. The area consists of 16 com-
partments of land subjected to water level con-
trol. Each compartment is represented by one or
more MIKE 11 flood cells, small components of
each compartment, with a total of 45 flood cells.

The Tangail subregional component of this
project was carried out for FAP 20 to test the
use of GIS in converting DEMs into flood depth
classification maps using MIKE 11 outputs. The
result was a set of flooded area maps for differ-
ent flood control interventions for FAP 20 (FAP
19 November 1992).

2.1 Land Surface Modelling
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created from spot heights digitized on 200 m by
220 m centers from the BWDB 8 in. to 1 mi.
maps. The spot heights were geo-referenced to
the Bangladesh Transverse Mercator projection
(FAP 19 May 1992). A DEM was generated
from the spot heights on a 40 m grid using a
procedure that interpolates a value based on the
distance weighted average of all points found
within a given radius of the interpolated point.
The weight function used was:

where D = calculated distance
S = 300 m = search radius. 10

The interpolated value for each grid cell in the

raster array was: i

A ¥
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where , = the ith point found within the search
radius.

Compartment and flood cell boundaries, perma-
nent water bodies, and human settiements
(homesteads) were digitized from the 1:50,000
scale SPOT image maps with supplementary
detail from 1:20,000 aerial photographs. Rivers
were classified differently from other water
bodies.
2.2 Water Surface Modelling
The MIKE 11 output files give the water levels
in each flood cell for each time step of the
model. A water surface elevation model was
created for selected times in a flood sequence by

-~

[

redefining the flood cells to the output water
level for each cell at each selected time. This
has the effect of creating a horizontal water level
surface in each cell. A simulated perspective
view of the potential water surface is illustrated
in Figure 4.

23 Flood Depth Map

Flooded areas were calculated by determining
the flooding depth, if any, at each grid point.
Areas classed as homesteads were excluded.
Then the data were reclassified into five flood
level classes corresponding to depths of flood-
mg 0-30 cm, 30-90 cm, 90-180 cm, 180-300

-.¢m, and greater than 300 cm. Note that these

¢

/

/levels do not classify the land according to the

/MPO land type classes used for identifying

| suitable cropping patterns under a flood regime.
/

24 Digitizing and Data Processing
Table 1 shows the resources required to digitize
the maps for the Tangail model. Digitizing times
include all checking, editing, and joining of indi-
vidual map sheet information into a single seam-
less sheet, where appropriate.

Table 2 shows the resources that are required for
the different tasks involved in creating a flood
depth classification map. The MIKE 11 model
results were supplied on an ASCII file of X-Y-Z
coordinates that were incorporated into the GIS
data base.

Excluding the time to create the land surface
DEM and to digitize the compartment data, the
time needed to create a flood depth extent map
in raster format for a single time step is about
one and a half hours. Thus, to create a series for
a typical flood season of four months at 10 day
intervals would take 18 hours.
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2.5 Results

Figure 5 is a typical raster output
from the Tangail project showing the
extent of flooded area at two different
times with and without project inter-
vention. Figure 6 shows how flood
extent varies over the season. This
was obtained by converting the origi-
nal raster format into vector format,
illustrating the use of alternative for-
mats for presenting results. The
vector data can be plotted more eco-
nomically than the raster format at
any scale and with no loss of resolu-
tion. It also is compatible with many
computer-aided drafting outputs used
by engineers, which may be impor-
tant if the analysis is to be extended
or integrated with other information.

Table 3 shows some typical results
for flood depth classes, in this case

Resources Required for the Tangail Subregional Study

Table 1
Digitizing Resources, Tangail Model

Preparation Time

(person days)

No. of Feature Prepara-  Digi-
Source Sheets Digitized tion tizing
1:50,000 2 Compartment 1 2
SPOT Map boundaries
1:20,000 2 Homesteads 1 3
Air Photos
1:50,000 2 Water bodies, 0.5 1
SPOT Map o 5
1:50,000 2 Infra- 0.5 1
SPOT Map structure
8 in. to 8 Spot Heights 2 16
1 mi.

Table 2

Task

Time (Hours)

Preparation and Setup

Converting each vector format overlay onto a raster on a 40 m spacing.

Creating the land surface DEM by interpolating the spot heights onto a 40 m grid from

eight map sheets with 12,000 points, checking the results, and modifying.

Analysis and Flood Mapping
Reading MIKE 11 water levels.

Building the water surface elevation model by recoding the compartment overlay.

Determining the flooded areas.

Color map output.

1.0
24.0

0.1
0.4
0.5
0.5
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Table 3
Flood Depth Classes Based on Model Run of July 16, 1991 (hectares)
Flood Depth Classes

Subcom- Net Cul- Settle- Water River
partments 0-30 3090 90-180 180-300 >300 tivable Area  ments Bodies  Areas Total
1 130 144 227 52 0 553 134 1 0 688
3 2 87 292 24 0 410 198 22 0 630
11 285 327 197 12 0 821 290 14 0 1,125
Louhajong 608 485 269 9 0 1371 425 7 166 1,969
Floodplain

for the Tangail area without a project for a
model run of July 16, 1991. Note how net
cultivable area and other land types are separat-
ed. This is achieved by using the GIS overlay
functions.

¥ North Central Regional Model

Figure 7 shows the channel network scheme for
the western part of the MIKE 11 North Central
regional model. It has been modelled in three
sections; old Brahmaputra, western area, and
eastern area. This study considered only the 214
flood cells of the western area. The original data
was digitized at 1:250,000 scale.
3.1 Land Surface Modelling

The digital elevation model was built on a 300
m grid from both the 4 in. and 8 in. to 1 mi.
scale BWDB maps. For the western part alone,
spot heights were digitized at either 100 x 300 m
(4 in. mapping) or 200 x 220 m centers (8 in.
mapping). Flood depth mapping also was per-
formed using a DEM created from the MPO 1
km grid. This model was extracted from the

FAP 19 national DEM.

3.2 Water Surface Modelling

Water level information from the North Central
regional model was generated for daily condi-
tions between dates May 1989 and November
1991. The identification of each cell and cross
section was obtained from the river name and
chainage files of MIKE 11, and a map showing
the cell and cross section locations. A water
surface model was created for the potential flood
levels of each cell by attributing the MIKE 11
water level to that cell by simple reclassification.

33 Flood Depth Map

The flood depth map was produced by subtract-
ing the land level DEM from the potential flood
level surface and coding the depth class in each
cell. The newly coded image map shows the
flood depth class. It can be used to compute on
a cell-by-cell basis, or other basis, the area for
each flooding depth. This procedure was per-
formed using both the BWDB and MPO digital
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elevation models for land surface.
3.4  Digitizing and Data Processing

A DEM was created in 208 person days from
digitized spot heights using sixty 4 in. and forty-
four 8 in. to 1 mi. maps. The boundaries of
some 330 flood cells were digitized from a
single 1:250,000 scale map. This took six person
days including editing. Rivers, roads, railways,
and other embankments were digitized from
1:50,000 scale maps.

It took three days to generate the land surface
DEM and about one hour to reclassify the
flood cell areas with each set of MIKE 11
water levels. Producing a flooded area map,
including raster printing, took 30 minutes.
Converting raster data to vectors and plotting
(using ARC-INFO) took three hours.

3.5 Results

Figure 8 shows a typical flooded area map for
a segment of the regional model comparing
results from MIKE 11 for July 13, 1991, for
the two different land surface DEMs (MPO
and BWDB). Table 4 compares estimates of
flooded areas for selected representative flood
cells for the two DEMs.

4, Southwest Regional Model

Figure 9 shows the scheme plan of the southwest
regional model, a model with imprecise defini-
tion of the flood cell locations. Water level
information came from the flood period of
September 1984. September 20-27 was chosen
because satellite images for part of the area were
available for those days. A set of X-Y-Z values
represents each point on the river network.

4.1 Land and Water Surface
Modelling

The land surface was modelled by interpolating
the FAP 19 national DEM, which is based on
the MPO 1 km grid data, onto a 300 m grid.

Three water surface modelling methods were

tested for this area. In the first method, a TIN
was constructed from the location of each calcu-

Table 4

Comparison of Flooded Areas of the North Central
Model Computed Using Two DEMs (hectares)

Area 6

Area 12

Area 63

Flood Depth in cm
90- 180-
0-30 3090 180 300 >300
MPO 3411 801 108
BWDB 3087 981 252
MPO 1458 495 1026 63
BWDB 1062 720 1035 225
MPO 1746 1782 1782 909 81
BWDB 396 1917 2718 846 423

lated water level and interpolated linearly onto a
regular 300 m grid. In the second method, a
weighted average technique with different sets of
parameters (FAP 19 February 1993a) was used
to interpolate a surface onto the same 300 m
grid. A Voronoi or Thiessen diagram was con-
structed from the TIN in the third method. The
resultant Thiessen polygons then were treated as
flood cells with their water levels being attribut-
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ed to each polygon. The Theissen diagram is
constructed from the TIN by delineating the area
that is closest to each spot elevation point. An
on-screen interactive comparison of the three

basic methods indicated that if the actual defini- "I -

tion of the flood cells is not available, the Theis-

sen simulated flood cells provide the best results _J-

for representing the flood surface.
4.2 Flood Depth Map

Flood depth maps were produced by subtracting
the land DEM from the flood surface and coding
for the depth class in each cell, assigning a
flood-free code to negative values. The effects of
empolderment and embankments were taken into
account by recoding apparently flooded areas
lying within schemes to a depth code appropriate
to the particular scheme.

4.3 Digitizing and Data Processing

The drainage network and polder and embank-
ment boundaries did not have to be digitized in
this model as they were provided by the South
West Area Water Resources Management Study
(FAP 4). The X-Y-Z MIKE 11 water levels
were provided by FAP 4 as an ASCII file. The
same ASCII file was used for the ERDAS
surface interpolation software, then mapped onto
a TIN structure, and used to generate the TIN
and Theissen diagram.

It took 25 minutes to generate the water surface
TIN from some 1,095 points. It took three hours
to interpolate it onto a 300 m grid and one hour
to construct the Voronoi diagram. It took 30
minutes to generate a 859 x 912 grid of water
surface elevations on a 300 m grid using the grid
interpolation routines. Producing a flooded area
map, including raster printing and masking
polders took one hour. Converting rasters to

vectors and plotting (using ARC-INFO) took
three hours.

44 Results
{ Figure 10a shows flood depth maps with no
- polders and Figure 10b shows the same with
polders and embankments. Note that embank-
ments also have been plotted, but when the
flooded surface was processed it was not known
if they were actually completed.

Table 5 shows several model areas, ranging
from mostly flood-free land to deeply flooded
land, by flood class for each interpolation meth-
od. These results should not be used for design
purposes because they represent only a typical
set of flood levels associated with an incomplete
calibration of the model, and poldered areas
have not been excluded. These data are present-
ed to compare methods, not to present definitive
conclusions about flood depth. Most of the
values, however, are close enough to one anoth-
er to indicate that all methods are adequate for
prefeasibility studies. The results are most
divergent where there is nonflooded land.

5. Conclusions and Recommendations

In general, using GIS technology for post-pro-
cessing of MIKE 11 outputs was found to be
feasible and useful. The benefits are great com-
pared to manual methods of processing. Consid-
erable effort is needed to create the necessary
DEM:s for regional studies, but once the neces-
sary data sets have been prepared a large num-
ber of applications based on the results becomes
possible: computing flooded area depth duration
curves, identifying beneficiaries of flood protec-
tion, evaluating alfernative cropping patterns,
and assessing impacts on the environment.
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Table §
Area Flooded for a Typical Set of Flood Depth Classes (percent)

Flood Depth in cm

Land not
Method Flooded 0-30 30-90 90-180 180-300 >300
Area 13
TIN 76.8 8.0 10.5 9.2 2.4
Raster surface 52.1 9.9 17.2 15.7 3.1
Thiessen 61.4 4.5 6.3 8.8 13.7 3.1
Area 19
TIN 50.8 i i 17.9 17.8 3.4 0.1
Raster surface 48.8 5.8 16.6 21.9 4.6 0.1
Thiessen 50.1 7.4 15:2 17.6 7.4 0.1
Area 28
TIN 0.5 20.5 75.9
Raster surface 0.5 20.5 75.8
Thiessen 0.7 22.9 73.2-
Area 217
TIN 12.8 59.3 23.9
Raster surface 13.3 73.3 9.4
Thiessen 0.2 13.5 67.5 12.3 1.9

In terms of software and data structures, it is
recommended that raster GIS functions be used
for flooded area determination. After necessary
format conversion, vector GIS can assist data
input and output, while in certain cases, the TIN
structure can be used to create the potential
flooded water surface.

5.1 Land Surface Modelling

A 40 m raster spacing is recommended for
subregmnal scale modelling, and a 300 m grid
spacing is recommended for regional and general
scale models

The land surface DEM should be generated from
spot heights taken from the 4 in. or 8 in. to 1

mi. or similar maps for all scales of modelling.
Pending the availability of a national DEM
generated from the 4 in. and 8 in. mapping,
regional model studies can use the 300 m grid
generated from the 1 km MPO DEM.

5.2 Water Surface Modelling

For subregional studies, and for quick results,
the flooded surface can be represented by a level
pool in each flood cell. If more time is avail-
able, a sloping surface can be interpolated and
sections of water not contiguous with the main
river can be altered to better represent actual
field condition. The time required to set up a
sloping water surface is longer than can be
justified for regional studies.
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If detailed flood cell locations are not available,
and if there is a sufficient density of water
levels, the flooded surface can be generated
using a Voronoi diagram for each point. The
Voronoi diagram can be constructed using the
TIN data structure and then be converted to a
raster structure. A level pool is assumed in each
cell thus constructed.

53 Flood Depth Map

For engineering needs, the most satisfactory use
of GIS in assessing the impact of flood control
interventions at the regional level is to map the
areas for which interventions are intended and
intersect the MIKE 11 flood cells with the land
surface DEM. The area-elevation curves for
each cell created then can be generated and
evaluated using computed water levels in each
cell from MIKE 11, or from the interpolated
water surface.

An additional important advantage of using GIS
is that the locations and the depths of flooding
also are derived. This is valuable when design-

\ing engineering scheme layouts and making

environmental impact assessments.
54 Subregional Modelling

A satisfactory data source for delineating flood
management compartments and land class for
subregional models is the 1:50,000 scale SPOT
image maps. The 4 in. or 8 in. to 1 mi. BWDB
maps are sufficient for obtaining spot heights
with which to create a DEM, unless more up-to-
date large-scale mapping is available.

The Tangail project showed that it is feasible to
use GIS MIKE 11 to produce maps for subre-
gional models showing flood depth, extent, and
duration.

V&

Data sets generated for flood modelling can be

'useful for many other activities. For example,

Tangail project data are being used for environ-
mental impact assessment (FAP 16) and flood
management modelling (FAP 25).

5.5 North Central Model

The cost of producing flood depth mapping once
the basic model geometry and DEM has been
created is reasonable: one hour per time step or
flood event after linking the MIKE 11 results to
the GIS. Once the linkage has been established
for a particular MIKE 11 format, mapping new
results takes about 10 minutes. Therefore, if a
reliable DEM is available for a region, GIS
flood depth analysis will be cost-effective.

When using the national DEM based on the
MPO 1 km grid versus the full-resolution
BWDB mapping, at the flood cell level there can
be substantial differences in flooded area for
each flood depth class. At the regional level,
however, as Figure 8 shows, the results are
similar. Differences in estimated area of each
flood phase are often pronounced for flood cells
smaller than 10,000 hectares. These differences
do not necessarily translate directly into a differ-
ence in benefits from flood control measures,
but the disparity between benefit estimates may
be significant and should be considered perhaps
by means of sensitivity analysis on the benefit
calculations.

It was difficult to locate the cross sections and
flood cell water elevations from MIKE 11. As
the MIKE 11 model for this region was devel-
oped, changes were made that were not commu-
nicated to the GIS data set. Such problems
indicate the need for closer coordination and
integration of GIS and MIKE 11 modelling.
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5.6 Southwest Regional Model

The location and topology of the flooded cells in
the southwest regional model was not definitive,
but by collaborating with the modelling team it
was possible to transfer MIKE 11 outputs show-
ing each level and its spatial coordinates to the
GIS. In the low-lying areas the variation in
water level is small, making it acceptable to
interpolate water levels between many of the
rivers; this is less true for the higher land to the
northwest. Incorporating the embankments and
polders reduces apparent error in determining
flooded areas if the effect of these structures is
known. Definition of flood cells in such a flat
region is always likely to be a problem. Thus,
the accuracy of the model will depend on ancil-
lary information on actual flood patterns.

The differences in flood depth and area for
different methods of interpolation were quite
small. The most satisfactory method for produc-
ing a flooded water level surface when flood cell
structures are poorly defined is by a Thiessen
polygon interpolation around each flood level. If
that method is not available, an acceptable
alternative is to use a TIN based on the original
MIKE 11 water levels interpolated onto a 300 m
grid. The Thiessen polygon method is preferred
with the level pool assumption, especially when
embankments are considered, because the water
level surface is not allowed to slope away from
one river to an adjacent river in an unrealistic
fashion. The embankments confine the interpola-
tion to the areas outside the embankments.

5.7 Future Extensions

More time is needed to improve the modeling of
sloping water surfaces using the TIN data and to
more realistically model flooded areas not con-
tiguous with the source of flooding. The current

approach does not necessarily indicate which
areas are likely to be contiguous with the flood
source because minor drainage channels are not
represented.

More work also is needed in dealing with sur-
face runoff within polders and embankments,
and in main river areas where congestion and

‘drainage problems are caused by high water

levels. These problems cannot be solved satisfac-
torily using GIS modelling techniques; hydrolog-
ical and hydraulic flood routing methods are
needed.
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Figure 5: Raster Output from the Tangail Model
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Fignre 7: North Central MIKE 11 Regional Model Scheme
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