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BBIJIEJIEHUE CETH CTOKOB M3 IIU®POBBIX MOJIEJIEA PEJIBE®A - OIEHKA
INPUMEHEHMUSA TPOTPAMM C OTKPBITBIM UCXOJHBIM KOJIOM

CHANNEL NETWORK DERIVATION FROM DIGITAL ELEVATION MODELS —
AN EVALUATION OF OPEN SOURCE APPROACHES

Tuoponocusnvik uzundeenepoe xen 6azeimmap 6owonua ASTEROun cypemmepyh
acana SRTM penvegpunun mooendepun Keyupu narioalaHslulam, MUcaibl, 630HOYH HY2VH
aHblkmoooo oynap cmandapm npoyedypa 6onyn canaiam. Penvedpmun moodenunun
mepenoucUHe KulpMulma OCKOH YON JHCe JHCOH e bi3bl-YYy YHOOp 0d CYYHVH A2bIMbIH
AHBIKMO0002Y anzopummoepee maacupun muticuzem. byn macenenu weuyynyn sxu scony oap:
KOHOOULOPOY MOIMYPYY HCAHA HY2Y HCOK pelbe@mun MOOeIuH My3yy e 6320pmyloocoH
LMMou naiioananyy. byn usunoeede 6u3z Kwvipevizcmanoaevl Hapwvin Oatipacviivlh 636HYH
mucan kamapol anaoeiz da auvik k0000py SAGA ocana GRASS 6oneon I'MCmun xenupu
NAtOAIAHBIIBIN  HCYP2OH KU NPOSPAMMACLIH KOJOOHYR 3KU MemoOody CAalblumblpadsls.
Canapunxe canvinean 5manoH 036H HY2YH CMAMUCTUKANbIK CANbIUMbIPYY KOPCOMKOHOOU,
GRASSma uwke awvlpvliean KulcKa HCOAOYH MemoOdy ICenmencen MHCaHa CaHapunke
CanviHean HYKMyH Oup mon dje azvlpddk apanvleblh Kepcomyn mypam. Anoau

moiwikapel, SRTMoan anvinean penvegpmun mooenu ASTEROen mapmulican cypemmepze
Canbiumuvlpeanoa 3manoneo dxcaxkvinvipaak. Quienmun 6us upu cyy 6acceiunoepur anaiu30oo
yuyn SRTM penvepunun mooenun avixanrviuumoipyy meren GRASS I'MCmu npaudanranyyHy
CYHYUmManiowls.

Aukbiy co300p: dicepOu aHanuz0eeo, azvimoap mapmazblh moodendee, LIMM, upu
Mmacwmaboazvl cyy baccetinoepu.

HUcnonvzosanue chumkoe ASTER 2epyboco paspewenus u modenu penvegpa SRTM
ABNAEMCA OYeHb PACHPOCMPAHEHHBIM SIGNeHUeM OJisl MHO2UX yenell 6 2UOpPOIOcUYECKUX
UCCIe008AHUAX, CMAHOAPMHOU NPOYedypol ABNAEMCA, HANpumep, OnpeoeieHue peyHbIxX
cmokog. Tem mne memnee, yenybneHuss mooeneu penvegha 6 pezyibmame pAacmMumenbHo20
NOKPOBA UNU NPOCMO WYM GIUAIOM HA AN2OPUMMbL ONpeoeleHus cmokog 600vl. Ecmb dsa
PAcCnpoCmMpPaHeHHblx Cnocoba CnpagumvpCsl ¢ SMUM: 3aNOJHeHUue nyCmom u co30aHue mMooenu
penvea 6e3 yenyonenuil unu npumeneHue Heusmenenuou [[MM. B Ooaumnom uccredosanuu
Mmbul bepem 600ocoop pexu Hapwin 6 Keipevizcmane 6 kauecmee npumepa u cpasHum 3mu
06a Mmemooa, UCNONL3YA 08YX wupoko ucnoavyemvix [UC npocpamm ¢ OmKpuimulmu
ucxoouvimu kooamu - SAGA u GRASS. Cmamucmuueckoe cpasneHue oyu@dposanHozo
9MANOHHO20 CMOKA NOKA3bleaem, 4mo Nnooxo0 Haubolee KOPOMKOU NYMU, peanru308aHHbllL
6 GRASS, oaem 3nauumenvHO MeHbWIUE PACCMOAHUA BbIYUCIEHHO20 U OYUPPOBAHHO20
cmokos. Kpome moeo, mooenv penvegha uz SRTM 6audce k 5mManoHHOMY yYem U3 CHUMKA
ASTER. Taxum obpazom, mut npeonacaem IMC GRASS 6 couemanuu ¢ mooenvto penvega
SRTM 0nsa ananuza KpynHulx 6000COOPHBIX 6ACCENHO8.

Knrouesvle cnoea: ananuz mecmuocmu, moolenuposanue cemu cmokos, LIMM,
KPYNHOMACWMAaobHblli 6000COOP.

The use of the coarse resolution ASTER and SRTM elevation model is very
common for many purpose in hydrological research, a standard procedure is for instance the
extraction of river channels. However, depressions in the elevation models resulting from
vegetation cover or just from noise in the data cause challenges for the flow routing
algorithms used for the channel derivation. There are two common methods to handle this:
filling the sinks and creating a depressionless elevation model or applying a least cost path
approach routing through the unmodified DEM. In this study we take the catchment of the



Naryn River in Kyrgyzstan as an example and compare these two methods using the two
widely used open source GIS systems SAGA and GRASS. The statistical comparison with a
digitized reference stream shows that the least cost path approach implemented in GRASS
GIS gives significant smaller distances of the computed to the digitized stream. Furthermore
the derivation from the SRTM elevation model is closer to the reference as the one from
ASTER. In summary, we suggest GRASS GIS in combination with the SRTM elevation
model for the analysis of large scale watersheds.
Keywords: terrain analysis, channel network derivation, DEM, large scale watershed.

1. Introd

uction

For many aims in environmental research hydrological derivations from digital

elevation
models (DEM) like the catchment area or the channel network are an important
foundation. However, due to remote research areas or limitations in budget, the use of coarse
resolution DEMs
from the ASTER and the SRTM mission is very common (Metz et al., 2011). These data
sets are
available for free almost for the entire world (Hayakawa et al., 2008). When applying open
source geographical information systems (GIS) for the analysis of these data sets, processing
can be done for very low cost what is an asset for many applications in research and teaching.
In this study, we
compare GRASS GIS and SAGA GIS with respect to their capability for deriving channel
networks from elevation data. These two GIS are among the most popular systems and
contain elaborated methods for the processing of digital elevation data (Neteler and Mitasova,
2008; Hengl et al., 2009;
Conrad et al.,
2015).

Stream extraction from DEMSs is based on the computation of flow accumulation.
But the derivation of channels from ASTER and SRTM pose some challenges: These data sets
include large
depressions caused by vegetation or noise in the data what causes problems for flow
routing

algorithms (Arge et al, 2003; Metz et al.,, 2011). A widely applied method for handling
depressions in elevation data is sink filling and creating depressionless DEMs (Planchon and
Darboux, 2001; Wang and Liu, 2006). According to Conrad (2007) all SAGA modules
for drainage network derivation use the deterministic 8 algorithm routing to the lowest
neighboring grid cell. Thus, SAGA GIS is dependent on the depressionless DEMs and
requires sink filling as pre-processing step. An alternative for handling depressions in
digital elevation data is using a least cost path (LCP) approach with unmodified data.
Ehlschlaeger (1989) was among the first to suggest this

approach using an A" search algorithm for flow routing through digital elevation data.
Including further improving, this algorithm is still implemented in the hydrological tools
of GRASS GIS

(Jasiewicz and Metz, 2011; Metz et al.,

2011).

In this study, we take the catchment of the Naryn River till the Toktogul Reservoir
as an example and evaluate the sink filling approach in SAGA and the LCP approach
in GRASS
comparing the computed streams with a digitized reference stream. Furthermore, we
compare the performance of ASTER and SRTM.

2. Material and
Methods



2.1 Elevation Data and general
Workflow

The elevation data used for this study is the SRTM-1 elevation model (Farr et al.
2007) and the ASTER global digital elevation model (ASTER GDEM; Tachikawa et al. 2011).
These data sets have a spatial resolution of 1 arc second which results in grid cells of 24.26 m
(ASTER) resp. 24.05 m (SRTM-1). For the entire Naryn Catchment with 52,130 km?, this
results in approx. 75 x 107 grid cells and a file size >1.5 GB. Beside the DEM input, mapped
channel heads are required inputs.
These have been digitized from referenced topographic maps. Furthermore, the main stream
of the Naryn River has been digitized from Google Earth to have a reference for evaluating
the quality of the computed channels.

The workflow for the channel network derivation is differing between SAGA GIS
and GRASS GIS, figure 1 gives an overview including the module names within the software.

All steps
have been performed for both elevation models, SRTM-1 and
ASTER DEM )
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Figure 1. Workflow for computing the channel networks in SAGA and GRASS as well as
for
statistical evaluation

As SAGA depends on a depressionless DEM, the workflow is starting with the sink
filling procedure. We use the algorithm of Wang and Liu (2006) as it offers a reasonable
computing efficiency — an important issue regarding the file size. The respective SAGA
module produces beside the “corrected” elevation model also already the catchment
boundaries (“watershed basins”), this allows to clip the raster file and reduce the file size for
enhancing the processing speed in the subsequent steps. Next, the flow accumulation was
computed using a combination of the multiple flow direction (Freeman 1991) and D8
(O’Callaghan and Mark 1984) flow routing methods. The threshold for changing from
multiple flow direction to single flow was kept at the default of 500 grid cells. Now, the
river channels could be extracted. The required initiation threshold of the flow accumulation
was created using a 50 m buffer around the digitized channel heads, extracting the



maximum of each buffer and selecting the mean of all buffer maxima as initiation threshold
(see also Bhowmik et al. 2015 for details about this method).

For GRASS GIS, the process starts with the computation of the flow accumulation and
flow direction using directly the unmodified DEM. For the flow routing, also a combination of
a multiple and single flow direction was applied using the standard settings of GRASS
(Holmgren 1994). The flow direction grid is the input for delineating the catchment. For
extracting the channel network we used again a threshold of the flow accumulation as input
with the same method described above (just the GIS module names differ). For further
statistical evaluation, the main river channel — the Naryn River — has been extracted from the
computed channel network.

2.2 Statistical Evaluation

For the statistical evaluation, we compared the distances between the digitized
reference channel and the computed river channels. The distances have been calculated
using the spatstat package within R (Baddeley and Turner, 2005; R Core Team 2015). This
tool splits the vector lines of the river channels into segments and generates the distances
between the respective segments. For ASTER, 37'952 segments, for SRTM-1 37'942
segments have been used for comparison. The
Mann-Whitney test was applied to test for significance of the difference between the
distances.

3. Results and Discussion
3.1 Statistical Evaluation of Channel Derivation

For the ASTER GDEM, the median of the distances between the computed channel
and the reference stream is 149.31 m for SAGA GIS and 94.23 m for GRASS. For SRTM-1
this relative distance is also visible, while the overall distances are much smaller. Here,
SAGA comes to a median distance of 79.94 m and GRASS to 30.80 m. The boxplots of the
distances for all segments are shown in figure 2.
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Figure 2. Distances of the stream line computed with GRASS and SAGA; the left figure
shows the results for the ASTER GDEM, the right one for SRTM-1

The differences are highly significant even under the 99 % confidence interval.
Thus, the LCP algorithm performing flow routing through unmodified DEMs is able to
generate channel networks significantly closer to reality than algorithms depending on
elevation models with removed sinks. This corresponds well with results from Metz et al.
(2011) who also tested the performance of the GRASS LCP algorithm against the sink
filling procedure. Figure 3 shows the differences between the computed stream lines
exemplified for one river bend.
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Figure 3. Comparison of computed river channels with the
digitized one

As the sink filling procedure created almost flat areas, the resultant river channel
shows relatively straight lines and follows the bend only rudimental. The LCP stream line
shows a slight noise but follows the river bend in accurate manner. From geomorphological
point of view, the straight SAGA stream lines cannot be interpreted as a realistic
representation of this river section while the LCP stream line is representing the river form in
sufficient way.

A further point of interest was the performance of the ASTER GDEM in comparison
with the SRTM-1 elevation model. Figure 4 shows the distances of stream lines derived
from the ASTER GDEM resp. the SRTM-1 to the reference stream line.
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Figure 4. Distances channels derived from ASTER GDEM and SRTM-1, both computed
with the
LCP algorithm

The channel derivation from the SRTM-1 elevation model shows significant smaller
distances to the reference line than the one computed based on ASTER. The explanation is a
higher

noise of the ASTER GDEM compared to SRTM-1. The relatively worse quality of the
ASTER GDEM for hydrological research is a known issue. For instance, Jarihani et al.
(2015) advice in a recent study that the use of the SRTM elevation data for



hydrodynamic modeling as ASTER showed bigger elevation errors when compared with
GPS control points. A potential reason of this fact is the different generation method of the
DEMs. While ASTER is a photogrammetric product from overlapping satellite imagery,
SRTM is based on radar interferometry and thus independent from atmospheric disturbance.
Figure 5 gives two profile lines of the Naryn River, one based on ASTER, one based on
SRTM-1. Both lines show some artefacts, but it is very obvious that the SRTM profile
contains much less noise than the ASTER derived.

3500

—— ASTER DEM

——— SRTM-1 DEM

2000 2500 3000
| |

Elevation [m a.s.l.]

1500

1000

T T

T T T
200 300 400 500 600

Distance [km]

Figure 5. Profile lines of the Naryn River derived from ASTER and SRTM-1

3.2 General performance of the GIS
Systems

In the previous section we demonstrated that the SRTM-1 elevation model in
combination with the LCP algorithm implemented in GRASS GIS was able to generate the
channels closest to the reference. Beside the performance of the flow routing and channel
extraction algorithms, there are further differences between the two evaluated GIS systems.
Probably most important is the fact that SAGA is handling the entire data set in memory, thus
there is a limit of the maximum file size for processing (Hengl et al. 2009). Contrary, GRASS
GIS offers the opportunity to handle the data from hard disk offering the ability to process
even very large files on regular personal computers (Metz et al. 2011). Functionalities
regarding further raster or vector processing are similar in GRASS and SAGA (Neteler
and Mitasova, 2008; Conrad et al., 2015). However, with the recently established r.stream
toolkit GRASS has a very comfortable tool for stream network analysis. Further issue
necessary to be mentioned is the lack in contingent documentation of the modules of SAGA
GIS, for instance the explication of parameter units or further information about algorithms is
often missing (Hengl et al,, 2009). While SAGA has the more user friendly interface,
GRASS
tends to be the better choice when going beyond the default settings of modules as there
is a
detailed documentation for all modules, often accompanied by scientific
references.

4. Concl
usion



In this study we evaluated the derivation of river channels from digital elevation data
using a least cost path algorithm in GRASS GIS and a “classical” algorithm working with a
depressionless DEM implemented in SAGA GIS. We performed this evaluation with two
freely available DEMs,ASTER GDEM and SRTM-1. The results indicate that the LCP
algorithm in GRASS GIS in combination with the SRTM-1 elevation model resulted in the
most realistic river channels when compared to a digitized reference stream. Thus,
considering this fact in combination with the convenient tools for further stream network
analysis and the opportunity for handling very large data sets, we recommend GRASS GIS
in combination with the SRTM-1 elevation model as open source variant for morphometric
investigation of large scale river systems.
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