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Abstract

Aim of this research was to investigate the effects of Digital Elevation Model (DEM) for sensitivity analysis
with two types of DEMs: 1 to 24,000 and 1 to 250,000 DEM. Another emphasis was given to the devel opment
of methodology for processing DEMsto create ArcGl SPro and GRASSIayers. Thiswas done while developing
water quality systemmodeling using DEMswhich wer e used to model hydrological processesand SWAT model.
Sensitivity analysis with DEMs resulted in different runoff volumes in the model simulation. Runoff volume
was higher for the 1:24,000 DEM than 1:250,000 DEM, probably due to the finer resolution and slope which
increased the estimated runoff from the watershed. Certainly the DEMs were factors in precision of the
simulations and it was obvious during sensitivity analysis that DEMs had significant effect on runoff volumes.
We suggest, however, that additional comparative research could be conducted involving more parameters
such as soil and hydrologic parameters to provide insight into the overall physical system which the SWAT
model represents.
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1. INTRODUCTION

A sensitivity analysis of a quantitative model s&d to examine the effect of variations in modpuis and
parameter values upon model behavior and outputgéhsitivity analysis assists in answering quastio
concerning the relative importance of the variouxlet components and the accuracy needed in egtgnati
model parameters [2]. While sensitivity analysis a#entify their importance of a single variablensore to
the mechanism of the model, it can not consideretffiect of interactions between variables. Serigjtiv
analyses are used to indicate where care shoultkba with parameter estimation or where the ppiglaiata
collection efforts should be concentrated. A digitievation model (DEM) is a numerical represenotatof
surface elevations over a region of terrain. DEMs/jole the same sort of information as contour mhps
in a digital format suitable for processing by catgr-based systems rather than in an analog folvith.
the increasing availability of DEM and water qualitodeling application with them, it is worthwhiie call
attention for sensitivity analysis as GIS-basedewguality modeling result depends on the prictaleisshed
spatial data. In order to investigate sensitivitalgisis, different factors or evaluation criteri@ ased based
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on the purpose of research and those evaluatidables include topographic, geological, climatioda
socioeconomic characteristics. As DEMs are incregygiused to model hydrological processes, the mann
in which the model respond to the choice of rasédlrsize (scales) was investigated in this researe the
distribution of slopes can be most clearly ideatifivith DEM,DEMs were used to investigatetresults of runoff
volumes which was affected by the sensitivity afofi parameters, watershed surface area, and &asathanged under
different DEM resolutions. Furthermore, amountgwifoff are mostly affected by when DEMs with firmesolutions
were implementedl he purpose of this study was to investigate tfectf of DEM for sensitivity analysis with
water quality model and two types of DEMs: 1 to0®9, and 1 to 250,000 DEM. Another emphasis wasgive
to the development of methodology for processin/ISio create GIS layers. This was done while depietp
water quality system modeling using DEMs which wesed to model hydrological processes.

2. MATERIALSand METHODS

The watershed, located in Gwangju, was chosarsagly area. This study was accomplished by W3itg,
ArcGIS Pro, Geographic Resource Analysis Suppostedy (GRASS, 1994), and SWAT model which was
used to measure runoff volumes [3] . In additiorg Macro Language and AWK were used for writingesal/
programs. DEMs at a scale of 1:24,000 and 1:250u#¥@ purchased from National Geogrpahic Infornmatio
Institute as ANSI-standard ASCII characters in dixength blocked record format. The 7.5-minute faigi
Elevation Model (DEM) data files are digital repeatations of cartographic information in a rastant.
DEMs consist of a sampled array of elevations foumber of ground positions at regularly spaceerrirals.
Each 7.5-minute DEM is based on 30- by 30-metex slgaicing with the Universal Transverse MercatokUT
projection. The 1-degree DEM (3- by 3-arc-second dpacing) provides coverage in 1- by 1-degreekisio
and 1-degree DEM's are also referred to as "3eror&" or "1:250,000 scale" DEM data. These DENEY la
were imported to ArcGIS and changed to UTM coortdirgystem from State Plane coordinate system. The
Soil & Water Assessment Tool (SWAT) is a small wsibed to river basin-scale model used to simulse t
quality and quantity of surface and ground watet predict the environmental impact of land usedlan
management practices, and climate change [4]. SWa§ used to assess soil erosion prevention andotont
non-point source pollution control and regional egement in watersheds.

2.1. Processing of DEMsusing GIS

As DEMs were acquired in ASCII format, it was esgary to generate spatial coverage in ArcGIS lzeml t
convert them into a GRASS layer as SWAT used GRES$Ers to create model input parameters [5]. This
process was also used to compare two differens foolDEM generation. To permit conversion of Ar&GlI
coverages to GRASS, several alternative methods ussd. DEMs were converted into ArcGIS Pro grid by
using ASCIIGRID command. After creating a singleNDELATTICECLIP in ArcGIS was used to delineate
the DEM covering only the watershed area. LATTICHZLreates a lattice defined by the overlap betveeen
grid and a polygon coverage. An existing waterdbmechdary was used as a clipping coverage and tigeicdu
was used as the grid to be clipped. GRIDASCII comunia Arc was used to create a simple ASCII tdgt fi
from a grid. Table 1 shows the ASCII file of DEMrgated by GRIDASCII and -9999 is NODATA and 548
is real value. Raster cell values can be eithetipe®r negative, integer, or floating point. Gatlan also have
a NODATA value to represent the absence of datmefimes there are homogeneous areas in a rasasetat
that the you do not want to display. These caruthelborders, backgrounds, or other data consideradt
have valid values and these are expressed as NORAIL&s, although other times they may have rdakbga
In this paper, NODATA was stored as -9999 a comrraduae for storing NODATA that was part of the raste
dataset and these values was computed using neighbevailable values. The file consisted of header
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information containing key words and values, folimiby cell values in run-length order.

Table 1. ASCII header file and digital elevation values generated by GRIDASCII

nclos 332

nrows 349

xllcorner 464592.18115985

yllcorner 4535474.0035082

cellsize  92.9200241022554

NODATA value

-9999 -9999 -9999 -9999-9999 -9999 -9999 -9999 -9999 -9999 -9999 - 9999 -9999 -9999
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999 - 9999 -9999 -9999
548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548
548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548 548

Header information reorganized by GRIDASCII mustrbedified to an appropriate format followed by a
stream of grid-cell values. For this purpose, ak gwogram, fixgridascii.awk, was written to reforirhe
header file. The fixgridascii.awk program modifigek header file so that R.IN.ASCIl command in GRASS
could recognize its header format to generate a &Rlayer. R.IN.ASCII converted an ASCII raster tiet
created by GRIDASCII into a binary raster map layi@r fulfill this process the input file must haadeader
section which describes the location and size efd#ita. The header information consists of thergripe
number of rows and columns, and the values usegptesent NODATA mesh points. This information was
followed by a space-delimited list of grid-cell uak. The north, south, east, and west field vaduesred are
the coordinates of the edges of the geographimmegihe rows and columns field values describe the
dimensions of the matrix of data to follohhe procedure used in sensitivity analysis wasrarset of SWAT
input parameters which were generated by usingdifferent DEMs. Two DEMs were used to delineate
subbasins on a portion of the watershed, and ttvesesubbasins were used as a basis for generafng i
parameters. Figure 1 shows the study area in 3Qaémeeated in GRASS. The GRASS r.watershed program,
which uses an eight-cell search, was applied tatieDEMs for automatic subbasin delineation. Model
simulation with SWAT using the two different DEMssulted in hydrography at the outlet that reflected
differences introduced by DEMs and calculated rimofumes derived from DEMs.

Figure 1. 3-D image of the watershed.

2.2. Sengitivity Analysiswith DEM and SWAT
Two broad types of DEMs can be distinguishedddgd DEM and feature DEM. Gridded DEMSs record a
surface elevation for every intersection in a timehsional coordinate grid covering the region unde
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investigation. Feature DEMSs record only a randostritiution of elevations across the region, esfigdizose
elevations along the boundaries of the Earth'sisarfeatures, such as roads and rivers [5]. Sétsdnalysis
was carried out by investigating the sensitivityvad types of DEMs on runoff volume. The two DEMrftats
used were 1:250,000-scale (1-degree) data and0D@4cale (7.5-minute) DEM data. The 7.5-minute DEM
data (30m x 30m per cell) are more highly resoltreth the 1-degree DEM data (90m x 90m), at three ar
seconds. A comparison was made of these two detasea portion of the watershed which was delagbat
based on 1:24,000 DEM data availability. A comparief images of 7.5-minute and 1-degree digitalaien
models for the variable of elevation for the watexs was presented. The images were displayedeagh |
sliced color image, with red colors as higher dieve and yellow for lower elevations (Figure 2).

|

a) 1:24,000 DEM b) 1:250,000 DEM
Figure 2. Two DEM images which were used for sensitivity analysis of runoff volumes to
model hydrological processes to the choice of cell size; a) is 1:24,000 DEM (7.5-minute) with
higher resolution image and b) is 1:250,000 DEM (1-degree) with lower resolution image.

3.RESULTS

SWAT calculated runoff volumes during two yed8X9-2020) for the watershed. As the model gengérate
runoff volume in cubic feet per second, the coneerto cubic meters from feet was achieved by dngdhe
conversion factor (0.03719) by the total directafirfcfs). A linear regression, depicting measuredoff
versus SWAT simulated runoff was generated for years using S-plus. A satisfactory calibration was
considered to be the set of curve number paramehaes that minimized the difference between tireikited
and observed runoff, and at the same time, yieldéshst square regression equation of simulatesuser
observed monthly runoff that most nearly coincideéth the equal value line [6]. Runoff volume waglnér
for the 7.5 minute data, probably due to the firgesolution and slope which increased the estimatedff
from the watershed (Table 2).

Table 2. Comparison of runoff volumes with two different types of DEMs

YEARS 1:24,000 DEM 1:250,000 DEM
2019 1.27M07 7Mo7
2020 1.47M07 1.37M07

TOTAL 2.6M07 2.0M07

That is, as the slope of the watershed flatterg5Q,000 DEM), the response of stream flow was dsland
resulted in reduced runoff volume. The 7.5 minuEMDresulted in higher runoff discharges, wherefiatter
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DEM resulted in lower rise and lower runoff disa@iThese results were somewhat consistent with fireding
made by Chaplot et al. in which the best SWAT eséle was the finer cell sizes [7]. Larger grid size
(1:250,000) were found to underestimate runoffenadion when compared to smaller size. From theessdts,

it was concluded that the detail of hydrologic mmfation that can be automatically extracted frobEM was
directly related to the quality and resolutiontté DEM itself. In addition, it was concluded thatapplication

of water quality modeling analyses, 1 degree DER daight be more preferable for water quality moudgel
Figure 3 shows the compared results of runoff velsiproduced by the DEMs.
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Figure 3. Comparison of total runoff volumes produced by two DEMs.
X-axis is months and Y-axis is runoff volumes(10* m3).

4. CONCLUSIONS

Through this research, pre-processing and posepsutg procedures of DEMs to generate ArcGIS Pdo an
GRASS layers were developed to simplify the usiateigrated GIS. Sensitivity analysis with DEMs resdi
in different runoff volumes in the model simulatiddunoff volume was higher for the 1:24,000 DEMaglat
probably due to the finer resolution and slope Wwhitcreased the estimated runoff from the watershed
Certainly the DEMs were factors in precision of éimaulations. It was obvious during sensitivity lyses that
DEMs had significant effect on runoff volumes. Asting the SCS Curve Number also resulted in a fsogmit
changes in runoff yield. We suggest, however, #dditional comparative research could be conducted
involving more parameters such as soil and hydrolpgrameters to provide insight into the overalysical
system which the SWAT model represents. FurtheliGgions of the model with higher resolution of ME
and various land use types are recommended. Casppaoi DEMs revealed that 1:24,000 DEM might be
more preferable for water quality modeling. SWATdebunderestimated total runoff volumes with 1: 280,
DEM, but use of 1:24,000 DEM increased runoff vobanwe have concluded that, in our applicationatew
guality modeling analyses, 1-degree DEM data agéepable to our applying DEM with water quality nehd
We suggest, however, that additional comparatiseaech be conducted involving both types of DEMsafo
variety of terrain types.
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