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ABSTRACT:

GIS and cartographyrepresentwo different study aresabut both of them share the map concept.
Nowadays, most GlSoftwareincorporate advanced representation and labeling possibilities, and
thanks to the databasehich is an essenti@omponent of anygeoinformatimm system, there are
multiple symbolization possibilitiesising the stored dat@iaking into accourthis symbiosis between
the two componentsf modern GlSanalysis and advanced representation this study wasisfurther

the cartographic possibilities tfemtaking advantage of their analysis and modelling @dntough

this study we wantedto devglo and test a method for rililner symb
width to be proportional with the averageecipitationamountat everypartof the river.The idea of
this study caméy working with handdrawn historical maps in which this type opresentations
common and very suggestivthough there are some interesting approaettésh want tosymbolize
river courses based on data, this type of approach presented in this study has not beEhdoesudt
obtained frona situation where inaccuracies are inevitable dwery differentdata sources: il@cent
DEM with 25mresolutionandamap from the beginning of the 20th centwiyh scale of 1: 300090
hasshown that this method based on modeling, analysis and Gl&imes can be used successfully
to have anore accuratemore real and eye catchisgmbolization ofvatercourses.
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1.INTRODUCTION

Cartographicepresentations have several important roles.9dapaluable information holding
and presentingools are used not just in orientation but also for illustrating content, phenomena,
processes in an eye captivating mar{@asgrove, 2005)This latter usef maps sometimes relies on
exaggerating the reality, sometime simplifying ititomany cases just trying to reflect the readity
much as possibléThorwer, 2007 Petersen, 2014Wh en it ' s aScanuptovide esefuli t y C
backend data analysis metts topreciselycalculate data and based onsleesultso achieveamore
suggestive cartographic representatidardy et al., 2005; Mei and Li, 2008; Brewer, 2015)

Our researclintends to make a contribution in river mapping. The most common method f
representing watercourses is the usdéirgfs, which width suggests the importance and size of the
river mainly base@n its water flow quantity or in some cases based on river leimgthchcases the
width is maintained constant through.Indome | i ne
vector illustration softwarenay existspossibilities to gradually increase the line width but these
approaches can use just the length of thedim base value.

If we look at historical maps in margaseswe can observe that the rivesgdth is gradually
growing as it flows frontheir spring to inflow(Fig. 1). As in many other fields sudh architecture
or furniture design also in cartograpimeticulous work in the creation process was not intended just
to reveal the beauty but to create a practical, a usable thing. A few years ago we started to analyze
how we could digitally recreate in an automatized way the hachure lines used irepglséntation
(MagyariSaska, 2017 With this research we want to continue and to investigate the automat
recreation possibilities for historical and not just historical maps, presenting a GIS based method for
river flows representation based on mean anraiafall data.
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Fig. 1. Gently thickeningiver representation ia historical map

Although there are studies related about the processing (Piovan, 2019; Timar and Biszak, 2010;
Rumsey and Punt, 2004) and automatic vectorization of old maps (los#fieakcp2016), there is no
such research or method regarding symbolization, although the importance of suggestive
representation is shown up in several studies (Punt et al., 2006; Yamg and Lin, 2008).

2.METHODS AND RESULTS

The objective of the research was to develop a method for creating vector layers representing
rivers, which are suitable for the desired symbolization. This layers should have an attribute value
based on which the gradually growing line representatiorbeamade. The symbolization should
respect the reality considering that the line width should grow in correspondence with that rainfall
which contributes to the river water quantity at every part of the river.
The existing vector datmo d e | d o adle many posgsibilitiesito achieve the desired
representation as a line feature could have a
based on which it’s widt hentintervaldBhe existingsymlmlizationy s c al
methods can be groups as below:
- methods in whicla single symbologyiricludingwidth) is usedor a linedepending on line
attributes or their combinations. This is the most widely use method, with drawback, that the
width is constant through all courffeig. 29.

- methods in which the linforming segments are identified in the symbolization process and
treated separately in generating the widily. 2b). This method is presented by AraSer
in 2017 in an odine articleBetter river styles with tapered lines and further developed by
M.R. Lombardo in 2019 in another dine article Improved tapered rivers in QGIS.
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b
Fig. 2. Existingriver symbolizatiorways a) with constant width (source: Graser-ALirol riverset) b)
with tapered linegsource: Lombardo, M.R- Cuencas de los rios Sansén y Sansoncito)

This second method category catches the main idea but the actually varying factors that controls
the line width are: the current segment number divided to the total number of segmentormisch
the line, and values (hard coded or attribute based) which are constant for a line. This means that the
middle | ine segment wil/ have approximately th
width. Moreover this approach beingaof t war e dependent possibility
solution in symbolization process. With all this, the method (if present in given GIS.) has the
advantage of not exploding the line to segments, from which we can benefit at feature labeling.

Fig.3. Testarea n Romani a’s centr al region

Our developed method wants to assign different values for different line segments proportional
to the water quantity that could be present at a given line segment. As this is practically impossible
we hadtospi every | ine feature representing a rive
number of segments that forms the original line feature. The attached values indicating the water
guantity can be modelled at various complexity levels. As our mdseésrmore exploratory then
applicative for a given region, we don’'t want
rivers runoff values we did not take into account the pedagogical characteristics of soil nor the
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vegetation
2009).

As we will present below the study has the following main parts: achieving a fair spatial
interpolation of average annual rainfall, calculating and attaching a rainfall basbdtattd each
exploded line segment to use it in symbolization. Even if the current study is methodological, we
selected a test area, which was the central region of Romania covering part of Harghita and Covasna
and Mures countfigue8. as presented in

S negmpiacat ioon ewhipoh rmay contribut to

2.1. Rainfall interpolation

Starting from the simplest IDW to complex geostatistical methods such as Krieging, there are
various techniques for rainfall interpolation which are in used and compared in many studies
(Hartkamp et al., 1999; Naoum and Tsanis, 2004; Taesombat and Siitanogs2009; Mair and
Fares, 2011; Noori et al., 2014). The efficiency off these methods depends on many factors which has
the origin mainly in the number and spatial distribution of measurement sites (Di Piazza et al, 2011,
Chenetal., 2017;). Becauseaur case there are just a few meteorological stations in the study region,
we considered more appropriate to take all measurement data existing at different meteorogical
stations in Transylvania region and apply a less common but suitable method basetliga
regression (Efroymson, 1966fa st i e and Pregi bon, 1992) . Due t
interpolate the rainfall value obtained in a short time period (hours or days) to see the spatial
distribution of values, but to characterize the ahawarage precipitation distribution over a multi
decade period, we have considered that identifying factors that influences the precipitation could be
a fair try.

Accordingly, we used the backward stepwise multiple linear regression in R statisticalrsoftw
package (Venables and Ripley, 2002). The method takes all linear combination of the specified
factors, named predictors and based on various statistical criteria (in case of R the Akaike Information
Criterion is used) identifies that combination whiwds the highest correlation value to predict the
give result dataset (Chatterjee and Hadi, 2012).

<400 mm

400 - 500 mm

500 - 600 mm
I 500 - 700 mm
B o0 - 200 mm
B :c00 mm

Fig. 4. Annual average rainfall map interpolated using backward stepwise multiple regression
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As candidatefactors,we used the height (source: EREM v.1.1, resolution: 25m) which is
considered an important factor (Modallaldoust et al., 2008; Huang and Hu, 2009), the coordinates,
and the aspect. From the mentioned 4 predictors only the x coordinate was considered by the model
not influential for the giverregion and for the annual average precipitation value. Based on the
obtained predictors we made the interpolation and got the rainfall distributio(Figad).

2.2.Calculating accumulated precipitation values

In the beginning we performed timecessary hydrological operations such as fill sinks to can
create a correct flow accumulation image. In creating the flow accumulation, the interpolated
precipitation values were considered as weighting factor. Analyzing the accumulation values the
channénetwork can be identified, which has an important role in watershed basins generation. The
presented process was realized in SAGH. 5 — blue par}.

p
DEM |—» wli?rlfol\ﬂt\ > Flow Channel Watershed
ks J Average annuz L accum. network basins
{ sin precipitation
R | v
Vectorized River Thiessen Polygons with accumulation value
rivers verticesas polygons associated for every point
J points

Fig. 5. Determining flow accumulation for every vertices representing river line segments endpoints
(raster layers with blue, vector layers with green background)

Having the accumulated precipitation values it seems to be very easy to attach these values to the
vertices defining the rivers. Due to the fact that the DEM on which the hydrological amagsi®ne
and the historical map from which the rivers were vectorized could not have proper overlay the
vertices in many cases were positioned on such cells which had very improper accumulated
precipitation value. We had to find a way to attach an apiattepcell value even if this are relatively
far from the vertex but its value surely is most correct than those below the vertex.

We needed a spatial splitting method. For this we created Thiessen polygons based on river
vectorization vertices. Insuchwaye * ve got an own region for ever
could pass over several catchments. To overcame this unwanted situation, we made an intersection
between the created Thiessen polygons and the watershed basin&igyBr green pajtFrom the
obtained polygons we always took the highest accumulated precipitation value, considering that in
fact this value should have been under the vertices in case of spatially precisely corresponding data
layers. Even if for our test case the dislocatoh map el ements maybe it’'s |
other situations, in most cases this kind of inaccuracies appears and the presented method could
represent a solution for it.

2.3. Attaching accumulatedprecipitation values to line segments

After we got the accumulated precipitation values in polygons representing intersection between
catchment areas and the Thiessen polygons defined by the endpoints sdgimentsywe hadadded
their values to the proper line segments. For this we th@ pregipitation values present at the end
points of the line segments were used. Because this process could not be performed with existing
QGIS operations we had to develop a Processing script in Python which has two input: a line layer
with vectorized riers and a polygon layer with the accumulated precipitation values for the catchment
area slices.

The accumulated precipitation values aloagery vectorized river, this should form a
monotonically increasing dat atotlsedotlowiagsituations:f or t un .
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- the flow may have incorrect vectorized direction from inflow to spring resulting a theoretical
monotonically decreasing series. Although this may be considered a vectorization error it
could frequently appear.

- the vectorizedriver path may cross through differenatchments Kig. 6) for different
reasons (scalaesolution or precision difference between the digital elevation model and
original map shegt

S

Fig. 6. Vectorizedriverstoucheanultiple catchmentsesultingimproperaccumulatiordata

While the first situation obviously should be corrected by detecting and inverting the direction
the second situation raises the question of should the streamflow path correcteditrerai@wer
of coursedepends on the effeeé situation. In our case tlsenceptwas to create a digital version of
a historical map with the highest representation fidelity. In this case even if the originalachap
weakprecision,we wanted to keep ileok, maintaining the internal positional proportions between
thecartographic element€onsidering thisfor both problematic situations we developed one method
ateach to overcome them as follows.

Incorrect streamline direction

The direction of a vectorizdihe is stored inside the associated data structure and can visualized
by using arrow symbol in visual representation. Even if most of the time the line direction is not
important in several cases it could be crucial. Such applications are network reittiragneway
connections or river flow modelling. In our case we should have a method to detect whether the
vectorization direction was correct or not. This could be done using gradient analysis along the line
but as we already had the accumulated priadipnvalueswe decided to make use of it.

The detection method is simple based on signum function with the assumption that the number
of vertices positioned in proper catchments are higher than for those in incorrect catchments. In this
case by countingnd comparing the number of cases at which the accumulated precipitation values
doesn’t follow an increasing trend to total nt
probability the lines vectorized on incorrect directidhe ratio was calcated for every river using
equation 1

B

)

wheren indicates the number of vertices that forms the linevaisdhe accumulated precipitation
value at vertex. A line was considered having an incorrect direction isvlleie of the ratio in
equation 1 was higher than 0.6.
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Anomalies in precipitation accumulation data series

As mentioned before due to spatial dislocation between DEM and original map sheets, which are
caused especially by scale/resolution differences, imyroases a streamflow touches or crosses other
catchment areas than its own. In these caseagthenulate precipitation values are inappropriate for
the current flow and can significantljffer from the real valuegzigure 7 shows an example for such
cases. There are observaltiiat many vertices which are positioned in other catchmétus.this
example, m the majority of cases the precipitation values of wrong catchments are much lower,
undershooting the values for the naincourse of the river and in a few cases the vertices are
positioned in catchment with higher precipitation value, overshooting the vafugethese misplaced
values has negative influence on the desired symbolization we should identify and treabfieiy.p

a) overshoot

O >

b) undershoot

Fig. 7. Incorrect data serigsvith cyan) resulted from accumulated precipitation value due to vertices in
incorrect catchment areaSorrect flow values are presenteith the topblue line

As these val ues c an brserids with a specsid sthtestica distributiomthe s e r |
well-known anomaly detection or outlier detection algorithms could not be applied successfully.

Taking in consideration thesatlife imposed monotonigit that should be present for every
stream we developedrank-basedalgorithm where two type of ranks are associated to every vertex
one based on their appearance order and the other based on accumulated precipitation value order.
Whenthe values of two & type arddentical,we got a monotonic increasing series and the goal
was reachedThe main steps of the algorithm are presentdiyure 8. which was implemented in
PyQGIS which isa valuable scripting language to extend the processing capabilities of QGIS
(Sherman, 2018)

set initial position -based ranks
set initial value  -based ranks
while pairwise ranks are different
identify and exclude from dataset the rightmost data wi th the highest rank difference
set new position -based ranks
set newvalue- based ranks
for all excluded data
set their new values using linear trend based on not excluded head and end data

Fig. 8. Processing algorithm for detecting atmtrecting anomalous data in accumulation value series
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2 4. Final result

Applying the PyQGIS processing script we got a vector layer in which every line feature
corresponds to an original line segment of the vectorized rivers. As an attribute of théotagreery
feature the corrected accumulated precipitation value is present.

(2 Symbol stroke width ®
LIpTE — 5e+08
e 5] | e
— 15e+00
-
Values from |0.000000 @ et
to | 3983680512.000000 |2 — 2.5e+08
— 3e+09
v V| Apply transform curve
— 3.5e+08
— 3.08368e+09
Output
Size from | 0.030000 =
to | 1.000000 P
Scale method | Linear -
Exponent 1.00 B
Size when NULL | 0.000000 P
[ o J[ coma | bep |

Fig. 9. Resultedriver representation. Growing width is modelled based on precipitaticatchment areas
a) line width after linear scaling b) manually definable scaling curve in QGIS c) line widthroaimgglly
adjustedscaling curveemphasizingmallercreeksand brooks
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These values can be used in line symbolization. From now on the visual effect depends on the
symbolization possibilities of the used GIS. The values catéledn a linear way, determining the
representation width, or other functions (logarithmic, exgmial) can be applied on data
emphasize higher or lower valuesfore rendering theiffig. 9). QGIS also has an advanced method,
called Assistant, in which the transformation curve between the existing data and the selected
visualization width range cabe manually adjusted.

Whatever the possibilities are in a given GIS the segments widthisnowportional with the
presumed water quantity that can be assumed for that river portion.

3. CONCLUSIONS

The aim of this study was to develop a methodologydpresenting rivers according to their
water quantity. To test our methodology, we considered solely the interpolated precipitation values
as contributing factor to line width, but the methodology permits to consider any other more
sophisticated method &stimate the flow value. As only individual line features can have their width
determined by attribute table values, we had to split every line to its line segments resulting multiple
features for every river. This is the most disadvantageous elememt study because it affects the
labelling possibilities of original line featureEhe most challenging part of the study wemsw to
maintain data consistency of the accumulated values in case of rivers because the spatial position of
vectorized rivernetawr k i n some cases doesn’'t correspond t

We think that the developed methodology presents a possibility not just to create more beautiful
visual representations but also more realistic ones. Even if the real width of & ne¢ determined
just by its water quantity in cartographic representations this is the key factor indicating the magnitude
of the river.

The developed methodology, as shown in figure 5 not just gradually increasegetheidth
according to the wateamount, but inflows from other water sources are clearly observable as steps
in the data serieg\nother benefic effectfahis approach is that the line width is maintained even if
the iiver splits around small islandgghich is usuallywectorizedas seprate line features with different
lengths.

Beside the fact that using our method the rivers width is not rendered based on their length or
category as in most of the current representations, there are some other advantages. It does not matter
the vectorzation direction, because in case of wrong direction it is detected and changed accordingly.
It does not matter if the lines are not merged together or if the river network topology is incorrect as
these elements are not considered.

In the final the methdology can be used even if we want to illustrate just a smaller portion of the
river network from a larger area, as the data used on which the representation is made relies on
accumulated precipitation valuesd if we have this data, the accumulatiotuga are propagated
automatically to the interested locations where the vectorized rivers are present.
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