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Abstract — An initial step in flood hazard mapping is hydrological modelling. We
present a recent river flood modelling approach in Bosnia and Herzegovina (BiH) for
small ungauged catchments of drainage area up to 32 km?. To estimate peak flow of
required probability in small catchments, we use the rational method. The paper focus
is GIS based procedure for producing the runoff coefficient map for BiH from the
DTM and land cover map. For validation of the peak flow modelling results in small
ungauged catchments we use diagrams of peak flow per catchment area (specific
runoff) versus catchment area in medium and large gauged catchments. The results
indicate agreement in specific runoff for 100 and 500 years return period compared to
reference runoff in gauged catchments and a mild drop in specific runoff for 20 years.
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1. INTRODUCTION

Flood hazard maps are important tools in the effort to protect human health, the
environment, cultural heritage and economic activity. Article 6 of the Floods Directive [1]
requires Member States to prepare flood hazard and flood risk maps (at the river basin
level) for the areas of potential significant flood risk identified under Article 5 or 13.1(a), or
for the areas for which Member States decided to prepare flood maps according to Article
13.1(b). Flood hazard maps show the geographical area which could be flooded under
different scenarios (Article 6.3) [1].

The on-going Project "Flood Hazard and Flood Risk Maps in Bosnia and
Herzegovina" (WB12-BIH-ENV-04C1) includes scenarios of fluvial (river) flood events
with return periods of 20, 100 and 500 years. There are 211 areas of potential significant
flood risk (APSFR) identified in the process of preliminary flood risk assessment. The
provision of input data on design peak flows for hydraulic modelling in river reaches
covering APSFRs, comprises hydrological modelling of 75 ungauged catchments
encompassing 146 ungauged sites. The drainage area of the ungauged catchments range
between about 1 km2 and 1499 km2, and therefore a range of methods are used to estimate
the design peak flows (Q20, Q100 and Q500). For the group of small ungauged catchments
with drainage area up to 32 km2 the rational method is applied.

The rational method has been proposed by the Irish engineer Thomas Mulvaney in
1851 and developed by the American scientist Kuichling in 1889. It is often referred to as
rational equation, because of the simplicity of its form. The peak discharge is obtained by
using the runoff coefficient of the area, rain intensity, and drainage area size.
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The assumptions underlaying the rational method [2], are often strictly interpreted as
limitations for the application of the method. The assumption on nearly uniform runoff
occurrence from all parts of the watershed means that the runoff coefficient has to be nearly
the same over the entire drainage basin. Because this assumption is less likely to be valid as
the drainage basin size increases, the application of the method is interpreted as limited to
area as small as 0.8 km? [3], although there are limits set to 15 km? [4] and 25 km? [5].
However, in [6] it is shown the rational method can be applied to much larger catchment
sizes than conventionally accepted.

Along with a question of rainfall intensity, the estimation of runoff coefficient is a
challenge in the rational method. There are variety of empirical indications provided for its
estimation, from the simplest ones that consider land use only, to functions linking the land
use, soil type and area slope [5].

In the paper we present GIS based procedure for obtaining the runoff coefficient map
for the whole territory of BiH. As input data we use the Digital Terrain Model (DTM) and
land cover map. We show the peak flow modelling results of rational method in small
ungauged catchments relative to the statistically modelled peak flows in medium and large
gauged catchments in BiH.

2. METHOD DESCRIPTION

The rational equation is the simplest method to determine peak flow from drainage
basin runoff:

Q=ciA @

where,
Q is peak discharge, m*/s
c is rational method runoff coefficient
i is rainfall intensity, m/s
Ais drainage area, m*.

The equation (1) is dimensionally correct with Sl units shown, while conversion
factors are applied when using usual units for i (mm/min or mm/hr) and A (km? or ha).

The rainfall intensity i is typically found from Intensity/Duration/Frequency curves
for rainfall events in the geographical region of interest. We use the specified storm
frequencies of 20, 100 and 500 years, and the duration equivalent to the time of
concentration (Tc) of the drainage area. Instead of catchment decomposition, for each
catchment we use a composite Tc to obtain the design storm depth using the most
geographically representative of the adopted Depth/Duration/Frequency curves (Fig. 1-left)
and reduction factor curves (Fig. 2) applied to the daily precipitation of specified frequency
at the closest or most representative meteorological station (MS) to the ungauged catchment
(Fig.1-right). We calculate runoff with a constant rainfall intensity i in each catchment.

The rational method runoff coefficient (c) is a function of the land use, soil type and
drainage basin slope. We use the composite ¢ for each ungauged catchment and before
returning it to the rational equation we apply runoff coefficient adjustment factor to account
for reduced infiltration during intense storms with high return periods. The composite c for
the catchment we find/calculate from the runoff coefficient raster map.
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Fig. 1 Left - 6 Selected MS with DDF curves and associated ungauged catchments
Right - MS with daily design storms and associated ungauged catchments
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Fig. 2 Storm reduction factor curves for 100-year return period at 6 meteorological stations.
The reduction factor shows rainfall depth ratio of less than 24 hrs. to daily precipitation

The procedure we used to create the runoff coefficient raster map for the whole
territory of BiH is shown in Fig. 3.

The procedure starts as two-tier process. First, we prepare the land cover data from
the Corine Land Cover database [8] with 14 land use classes; we reclassify it to 7 classes
according to the runoff coefficient table entries, and vectorize the data. After that, we start
the second-tier process by creating slope map from the available DTM data. Because the
slope class ranges do not conform our requirements, we reclassify the raster map to obtain
three slope classes (0-5, 5-15, >15%) corresponding to flat to rolling, rolling to hilly and
hilly to mountainous terrain respectively. We vectorize the map and insert 4 new fields in
the attribute table (Fig. 4). These fields are false Hydrologic Soil Group (A, B, C, D)
because we follow the procedure from HEC-GeoHMS [9] for producing CN (Curve
Number) raster map. Then, we calculate percentage of each class within the polygon.
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Runoff coefficient table for land
uses, slopes, and SCS soil types

DATA
: Land use DTM !
! 1
! 1
| DTM 20 m x 20 m !
: |
! 1
[} 1
! 1
1| Corine 2006 14 classes X
: !
| Reclassification l X
! Slope map !
! 1
X Reclassificationl !
| :
! 1
! 1
! 4 1
|| Land use : 7 classes i '
: - :
! 1
: —— Slope map !
! 1
[} . . 1
X Vectorization Vectorization l !
: !
L - !
1 % 1
L Inserting new '
1
! fields in attribute table :
1
! 1
i Calculation of % in '
: v field within polygon X
: !
! 1
1 == m— 1
! 1
! 1
! 1
X UNIFYING land use and slope vector data UNION table !
: !
! 1
! 1
! 1
! 1
! 1
! 1
1 1
[} 1
! 1
! 1
! 1
[} 1
! 1

HEC—GeoHMS ~ .__ ' Runoff coefficient Raster map

Fig. 3 Procedure of creating raster runoff coefficient map
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Fig. 4 Insertirmlmg 4 new fields (boxed) in the attribute table to store percentage of slope class
within polygon

Now, we have all the data we need to join two separate process tiers i.e. land use data
and slope data in the union table (Fig. 5).
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Fig. 5 Union layer attribute table

The runoff coefficient table links land use and slope classes. Important step in the
process is creation of “Landuse” field in Union layer’s attribute table that corresponds to
“GRIDCODE?” field. We proceed to creation of a lookup table in ArcGIS (Fig. 6).

Table ax
e B BB
] Y ey %
» 1 1] 1 [ Pabyn 10i031e3. 0

al 5. 6. Noa Lk G LY )

1. T T e i 0

C L | e ¢

3l “ 4| Katuty u redovea 0

CH 3 Teren pod forom {1 9]

1 3 Avate 0
[ L0 o B et of 7 Selected)

kool cticarga racionaing

Fig. 6 Lookup table

Here, we turn to HEC-GeoHMS to create runoff coefficient raster map by assigning
value to each raster grid cell assisted by Lookup table - overlapping the Slope layer and
Union layer. The final step is to generate a raster with “Generate CN Grid” tool found
under Utility tab of HEC Geo-HMS, for which we need DTM, Union layer and Lookup
table. The resulting runoff coefficient map is shown in Fig. 7.
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Fig. 7 The runoff coefficient map of Bosnia and Herzegovina

3. RESULTS AND SIGNIFICANCES

The results of peak flow modelling by the rational method in our assignment can be
verified indirectly. There are a few gauging stations controlling small catchments in BiH.
Therefore, we have to use medium and large catchments for verification of results. We
visually compare the modelled peak flow per catchment area (specific runoff) in small
ungauged catchments to gauged catchments as a function of catchment area. The division
of the territory we select for comparison of specific runoff comprises three hydrogeologic -

karstic belts of the Dinaric Alps (Fig. 8), because karstic area presence is an influential
flood factor in BiH.

Fig. 8 Three karstic belts of the Dinaric Alps in Bosnia and Herzegovina [10]
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The modelling results indicate a mild drop in specific runoff in both belts 2 and 3 for
20 years return period compared to reference runoff at gauging stations, and agreement for
100 and 500 years. Figure 9 shows example of specific runoff for 100 year flood in the belt
3 of the Dinaric Alps.

It is important to note the results from medium and large size gauged catchments are
based on statistical modeling of the 1961-1990 discharge series. The results we obtained in
ungauged catchments reflect more recent period when it comes to design storm base which
is the period until 2016, and land use situation considering CLC data from 2006-2012.

Dinarc belt3 100-Years

10.0

qT [m3fs/km?]
1<)

1 10 100 1000 10000
A [km?]
Fig. 9 100-year specific discharge from gauged catchments (X, +) and ungauged catchments

(*) in the Dinaric belt 3. The regression line constructed for gauged catchments is extended
in the plot only to show the fit in the range of small catchment area

4. CONCLUSION

GIS environment plays an important role in flood flow assessment, as shown in the
case of the runoff coefficient map development for the territory of BiH. The map then
improves river flood assessment procedure and decreases uncertainties in peak flow
estimation for small ungauged catchments. It facilitates all the hard work and valuable time
for determination of runoff coefficient that plays important role in the accuracy of flood
modelling results. By overlapping the runoff coefficient map as a raster layer format and
catchments as a vector (polygon) layer format, we can now easily determine runoff
coefficient for any catchment area in the country in only few steps.
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