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Effect of GIS parameters on modelling runoff from river basin.
The case study of catchment in the Puck District
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Abstract. The study was preceded to check the impact of the adopted digital elevation model resolution on
the determination of catchment parameters and the further influence of the received information on
calculations related to the hydrograph at the closing point of the basin after a synthetic 100-year
precipitation episode. The study area are river basins located in the Puck commune convoying water directly
to the Puck Bay. These studies allowed the formulation of the basic assumptions for the research project (in
short called WaterPuck) supported by the National Centre for Research and Development.

1 Introduction

The catchment's response to atmospheric
precipitation is determined by many factors, including
landform [1, 2]. The basin delimitation depend on the
direction of exposure of the sloping lands (aspect) and
orientation of analyzed area and lead to basic geographic
unit, a watershed, which is the limited space from which
all the water is collected and drains surface water to a
common point - the receiver (e.g. a river, a reservoir).
The size of the basin has a direct impact on the volume
of collected water, which need to be managed according
to the local requirements. It seems difficult or even
impossible to determine experimentally in which
direction rainwater flows from each part of the analyzed
area. Catchment boundaries are estimated based on
topographic maps or a digital elevation model (DEM). In
both cases, the results obtained depend on the accuracy
of the input material and the simplifications adopted by
the person or program processing the topographic
information. Accuracy problems may occur while maps
with a large scale or too low resolution of the digital
elevation model is analyzed. It could be additionally
hampered by employing an approximate approach to
delineating the catchment boundaries.

The outflow from the basin is unsteady due to
number of external inputs which sometimes may cause
the flow to be characterized by rapid variability in time.
From the flood hazard point of view, the most dangerous
situation is overlapping flood surges originating from
several subbasins in time and space [3]. The shape of the
surface runoff hydrograph is determined, among others,
by concentration time. It is a time required to describe
the outflow delay from individual sub-basins. By
definition this is the time after which the water from the
most hydraulically advantageous point will flow down to
the point closing the catchment. The calculation
formulas use the lengths of the surface runoff lines and
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slopes for individual subbasins - these are further
parameters resulting directly from the assumed altitude
elevation mapping.

In the era of digitization and the multitude of
available data, a large part of the work is improved by
GIS tools [4-8]. In this paper, the calculation were made
by adopting Soil and Water Assessment Tool (SWAT)
software [9—11] used as a plug-in for the Q-GIS program
(QSWAT). QSWAT uses Terrain Analysis Using Digital
Elevation Models (TauDEMSs) for watershed delineation.
TauDEM provides a suite of programs to perform
various geoprocessing functions [12—14]. In the first
steps, the user defines how many cells of the numerical
terrain model per square kilometer will be used for
further pro-cesses. The preliminary delineation of the
catchment boundaries is based on local linear hollows
accepted as a river net-work [15]. The higher density of
DEM cells included, the more streams are visible, and
thus the more subbasins will be designated (each stream
is assigned its own subbasins). The adoption of other
subbasin borders will also affect local slope be-cause the
slope determined for each calculation cell is ultimately
averaged as a slope corresponding to the dedicated
subbasin. The use of GIS tools allows for a large
detailing and fragmentation of the hydrographic division,
which will affect the outflow model from the basin.

The study was preceded to check the impact of the
adopted DEM resolution on the determination of
catchment parameters and the further influence of the
received information on calculations related to the flow
rate at the closing point of the basin after a synthetic
100-year precipitation episode (probability of exceeding
p = 1%). Calculations were made for two digital
elevation models: (1) CODGIiK (Polish Central Centre
for Geodetic and Cartographic Documentation) and (2)
DEM provided by the European Environment Agency.
The study area are river basins located in the Puck
commune convoying water directly to the Puck Bay.
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These studies allowed the formulation of the basic
assumptions for the research project (in short called
WaterPuck) supported by the National Centre for
Research and Development within the BIOSTRATEG
I program No. BIOSTRATEG3/343927/3/
NCBR/2017. Under this program, a system to calculate
the maximum allowable amount of fertilizers to be used
on fields, together with the determination of their impact
on the environment of the Baltic Sea in the area of the
Puck Bay will be created.

GIS technology and data analysis is very useful for
hydro-logical modelling and determination of the
uncontrolled basin outflow. Nowadays, through
developed surveying tools including laser scanning
(LIDAR) or photogrammetric image processing high
accuracy digital elevation model can be generate easily
[16-19]. For large watersheds though is still hampered
by computing power. In the paper hydrologic rain-fall-
runoff model was implemented to catchments in Puck
region by using three DEM models with resolution
50x50 m, 10x10 m and 1x1 m. In addition the threshold
parameter of minimum basin area was tested. Hydrologic
model was fed with synthetic rainfall and real storm
observed in July 2018.

2 Area of study

The study are concerns Puck Bay, where surface
water flows from agricultural areas of the Puck District
(Poland, Pomeranian Voivodship) (Fig. 1). This area is
part of the Kashubian Coastland and includes Kepa
Pucka together with two ice-marginal valleys: Plutnica
Valley and Kashubian Valley. It is a young glacial area
with a varied sculpture characterized by high
denivelation (from -0.5 to 113.5 m above sea level) and
cut by smaller valleys with steep slopes [20]. The
bottoms of the valleys are river beds (e.g. Gizdebka
River, Bladzikowski Creek). The geological structure
consists of fluvioglacial deposits, mainly sands and
gravels interlaced with clays. In terms of land use, we
distinguish mainly two forms: agricultural and forest
areas.
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Fig. 1. Map of the study area (source: Google Maps, accessed
10 June 2018).

3 Methodology and materials

Data form laser scanning were obtained from

Central Documentation Centre of Geodesy and
Cartography in War-saw. The data were used to
generating DEM with variable resections (1, 5 and 10 m
raster) — Fig. 3. Basin areas, rivers lengths and terrain
denivelation were automatically obtained by using
SWAT model. In calculations the threshold parameter
for minimum basin area was tested using 1, 5 and 10 km?
(Fig. 4).
Soil types and land use was determined on the base of
soil maps obtained from Marshal’s Office of Pomeranian
Voivodship. The maps were used to establish the soil
groups based on the surface soils. Land use was also
determined on the soil maps however to make the
analysis less dependent on this parameter, only four
types of land development was used in the study, i.e.
forestland, meadow, cultivated agricultural land (row
crops), residential (average lot size Y4 acre) and fully
developed urban areas. All above information were used
to determine runoff curve numbers (CN) for average
watershed condition [21, 22].

Hydrological calculations were proceeded for all
combinations of DEM accuracies and minimum basin
area. Model input was the 1% synthetic precipitation
with duration of 60 minutes. Various methods for
determining synthetic rain are used [23]. The rainfall
time distribution was specified according to DVWK
formula as shown in Fig. 2. Real precipitation measured
in night from July 17" to 18% 2018 was also used to
compare model results with real data. Water surface
elevation is surveyed on gauging stations located on each
river’s outlet to the Puck Bay. The discharge is
calculated from the rating curve established for each
station.

Hydrological modelling System HEC HMS was
used to in this study to evaluate rainfall-runoff modelling
[24, 25]. The software was developed by U.S. Army
Corps of Engineers and provided on the Corps’ web
page as an open access engineering tool. All required
data were generated by using used as a plug-in for the Q-
GIS program.
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Fig. 2. Synthetic and recorded rainfall used in simulations.


http://mostwiedzy.pl

E3S Web of Conferences 63, 00005 (2018)
2018 BGC

https://doi.org/10.1051/e3scont/20186300005

/\_/\\ MOST WIEDZY Downloaded from mostwiedzy.pl

A

It is worth emphasizing the long time needed to generate
a high resolution DEM grid. In the case of the tested
catchment area, it was from 2 hours for 50x50 m
resolution to about 72 hours of continuous virtual
machine operation for 1xIm resolution. For DEM with
the lowest resolution, basins were generated in no more
than half an hour, while for the DEM with a resolution of
IxIm it was about 36 hours. During the generation of
these grids, the resources of the PIONIER cloud network
service with 3 virtual machines (6 CPUs, 8 GB RAM)
were used.

B asins
S Rivers

Fig. 3. Subasins distribution In Puck district for using DEM
with (A) high accuracy (1x1 m) and (B) low accuracy (10x10
m) (source: SWAT).

Fig. 4. Basin model and river network in HEC HMS model for
low (A) and high (B) accuracy catchments (source: HEC-
HMS).

4 Results and discussion

As a result of hydrological simulations, a total outflow
was obtained in the characteristic cross-sections of the
prepared catchment models. These values for each
scenario are similar. The results in the form of maximum
flow rate (peak dis-charge), time of its occurrence and
total volume of water are presented in Tables I — IV and
Figures 5 — 6.

Differences in the results obtained are related to the
level of details included in individual models. When the
DEM resolution is low many elements, i.e. road
embankments and levees are invisible. In the case of
high DEM resolution, very ac-curate DEM takes into
account these details and fundamentally changes the sub-
basins delimitation along the crown of linear objects

(Fig. 7).

Table 1. Discharge to Bay of Puck synthetic rainfall.

Probability 1%, duration 60 minutes

Resolution of

DEM [m’] 1 100 100 100 2500
Minimal area

subbasin [km?] 3 ! 3 10 3
Time of peak

discharge 4:29 3:23 4:41 11:46 3:33
[HH:MM]

Peak discharge | ¢35 | g4 61,5 | 229 97,7
[m’/s]

Total volume

[1000 m’] 1363,1 | 1343,0 | 1303,6 | 1301,6 | 1272,8

Table 2. Discharge to Bay of Puck recorded rainfall.

Recorded rainfall 7/17/2018

Resolution of

DEM [m’] 1 100 100 100 2500
Minimal area

subbasin [km?] > ! 3 10 3
Time of peak

discharge 6:36 5:36 6:26 14:21 5:47
[HH:MM]

Pee;k discharge 8.0 78 6.5 22 9.9
[m’/s]

Total volume

[1000 m’] 138,6 142,1 131,4 131 130,4

Table 3. Gizdebka river discharge recorded rainfall.

Recorded rainfall 7/17/2018

Resolution of

DEM [m?] 1 100 100 100 2500
Minimal area

subbasin [km?] 3 ! 5 10 3
Time of peak

discharge 6:21 7:46 7:58 20:35 6:25
[HH:MM]

Pez;k discharge 22 33 15 04 2.0
[m?/s]

Total volume

[1000 m’] 37,1 35,9 36 34,7 33,4

Table 4. Gizdebka river discharge synthetic rainfall.

Probability 1%, duration 60 minutes

Resolution of

DEM [m’] 1 100 100 100 2500
Minimal area

subbasin [km?] 3 1 5 10 5
Time of peak

discharge 4:06 7:33 5:42 18:24 4:09
[HH:MM]

Pezzk discharge 236 36,0 157 45 209
[m’/s]

Total volume

[1000 m’] 3894 | 3767 | 3772 | 3625 | 3503
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Fig. 5. Simulated hydrographs from Puck District (for
precipitation with a probability of exceeding p = 1 % and rain
duration 60 min) on the outflow to the Puck Bay for variable
digital terrain model: (A) 50 m2 and (B) 1 m2.
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Fig. 6. Simulated water discharge at the outlet of the Gizdebka
River to the Puck Bay, for rainfall recorded on June 17th —
18th, 2018.
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S / av = - ™\ properly chosen to avoid following problems:
10 y’ j : _‘H\\ a) too high resolution of the DEM model i.e. very detail

terrain reconstruction will false watershed divides. This
is usually caused by linear structures: berms, irrigation
channels, embankment dikes and others. This will cause
not realistic lag time for the sub-basins.

b) too low resolution (50x50 m) will affect missing small
streams and irrigation channels and in consequence the
river network will be not be completed. Sub-basins are
coarse with large area not reflecting the reality.

c) the DEM resolution affects the basin shape in the
downstream reach, close to the outlet. It is caused by the
direct sea basins which areas changes with model
resolutions.

2) The threshold parameter of minimum basin size has
significant impact on the outflow formation form the
watershed. The volume of the surface outflow similar,
but the peak discharge varies significantly. Also the time
to peak value is different for variable minimum basins
parameters, in such a way that the closed to reality is
division to average sub-basins (5 km?). In that case the
peak discharge calculated in the Gizdebka River was in
rage of 1.5 m/s , very close to the measured water
outflow from the survey.

Online references will be linked to their original
source, only if possible. To enable this linking extra care
should be taken when preparing reference lists.
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These studies allowed the formulation of the basic
assumptions for the research project (in short called
WaterPuck) supported by the National Centre for
Research and Development within the BIOSTRATEG

III

program No. BIOSTRATEG3/

343927/3/NCBR/2017. Under this program, a system to
calculate the maximum allowable amount of fertilizers to
be used on fields, together with the determination of
their impact on the environment of the Baltic Sea in the
area of the Puck Bay will be created.
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