WATER MANAGEMENT DOI: 10.22616/1rd.26.2020.036

IMPACT OF THE USE OF EXISTING DITCH VECTOR DATA ON SOIL MOISTURE
PREDICTIONS

*Janis Ivanovs, Toms Stals, Santa Kaleja
Latvian State Forest Research Institute ‘Silava’, Latvia
*Corresponding author’s email: janis.ivanovs@silava.lv

Abstract

Wet soils play an important role in hydrological, biological and chemical processes, and knowledge on their spatial
distribution is essential in forestry, agriculture and similar fields. Digital elevation models (DEM) and various
hydrological indexes are used to perform water runoff and accumulation processes. The prerequisite for the calculation
of the hydrological indexes is the most accurate representation of the Earth’s surface in the DEM, which must be
corrected as necessary to remove surface artifacts that create a dam effect. In addition, different resolutions for DEM
give different results, so it is necessary to evaluate what resolution data is needed for a particular study. The aim
of this study is to evaluate the feasibility of using existing ditch vector data for DEM correction and the resulting
implications for soil moisture prediction. Applied methodology uses a network of available ditch vectors and creates
gaps in the overlapping parts of the DEM. The data were processed using open source GIS software QGIS, GRASS
GIS and Whitebox GAT. Ditch vector data were obtained from JSC Latvian State Forests and the Latvian Geospatial
Information Agency. The results show that by applying the bottomless ditch approach in forest lands on moraine
deposits, depending on the accuracy of the ditch vector data, the values of the prediction of the soil wetness both
increase and decrease. On the other hand, in forest lands on graciolimnic sediments it is visible that predicted soil
wetness values increase in the close proximity of ditches. For forest lands on glaciofluvial and eolitic sediments there
were no visible changes because of lack of ditches.
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Introduction

Open wetland areas are easily identified and
mapped by orthophoto or satellite imagery, but
are more difficult to identify in the forest under an
enclosed tree canopy or near waterbodies and streams
(Creed et al., 2003; Gregory et al., 1991). In Latvia,
studies on the spatial distribution of wetland soils in
forest lands have begun relatively recently (Ivanovs &
Lupikis, 2018) and so far have developed methods for
deciphering wetlands on different types of geological
sediments. For this purpose LiDAR (Light Detecting
and Range) data maintained by the Latvian Geospatial
Information Agency and Sentinel-2 multispectral
satellites were used.

Information on the spatial distribution of wetlands is
important for both scientific and management planning
in areas such as forestry and agriculture (McNabb,
Startsev, & Nguyen, 2001). This information can help
explain biological, hydrological, chemical, and other
processes (Detenbeck et al., 1999). Hydromorphic
soils have a lower bearing capacity than automorphic
soils and are therefore more prone to disturbances
such as compaction, rutting, etc. (Cambi et al., 2015;
Mohtashami et al., 2017).

Digital terrain models and various hydrological
indices are used to perform water runoff and
accumulation processes (Robson, Beven, & Neal,
1992). The prerequisite for calculating the hydrological
indexes is the most accurate representation of the
Earth’s surface in the digital terrain model, which
needs to be corrected to remove surface artifacts that
produce a dam effect (Lidberg et al., 2017). In addition,
different resolutions of the DEM (digital elevation

model) give different results, so it is necessary to
evaluate what resolution data is needed for a particular
study (Dehvari & Heck, 2013).

The aim of the study is to test the performance of
the wet area detection algorithm under conditions using
existing spatial data from ditches and natural drains. It
is assumed that if the water flows to a ditch as a result
of surface runoff modeling, it is automatically removed
from the system. Improvements for methodology are
necessary to avoid manual DEM corrections.

Materials and Methods

The study objects represent all the most popular
Quaternary geological sediment types (Glaciolimnic,
Gglacigenic, Glaciofluvial and Eolitic) and are
dominated by forests on mineral and drained mineral
soils. The study objects each cover an area of 9 km?,
in the central part of which 1 km? is used for the
placement of plots. The buffer zone was created for
the purpose of modeling the surface water runoff,
thereby providing continuous calculation area for
larger territory. Quaternary geological sediment data
were obtained from the Quaternary sediment map at
a scale of 1:200,000 (Meirons, 2002). The geospatial
data of the forest stands were obtained from the JSC
Latvian State Forests. The location of the research
objects is shown in Figure 1. The DEM was obtained
using laser scanning data maintained by the Latvian
Geospatial Information Agency and the processing of
geospatial data was performed in QGIS and GRASS
GIS programs.

Digital elevation models were overlayed with
existing ditch vector data which are maintained by
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Figure 1. Location of research objects.

JSC Latvian State Forests and Latvian Geospatial
Information Agency were thus cutting holes in
the relief model. And during surface water runoff
modelling on modified DEM’s, surplus water was
removed from the model through the holes in DEM.

The newly created DEM layers with a horizontal
resolution of 2 m have been used to obtain 2
m horizontal resolution models of the surface
slope, surface depressions, normalized height and
SAGA moisture index data. The obtained indices
characterizing the surface of the Earth were used to
produce maps of soil moisture predictions based on
previous research (Ivanovs & Lupikis, 2018) and
following formula:

if(N=GLor N =H,(exp(2.522 —1.226

S 5m —>5.012 * NH_2m))/(exp(2.522 — 1.226 *
S_5m —5.012 *x NH_2m) + 1), (if (N =
G(exp(48.749 * D_2m — 3.645))/(exp(48.749 *
D_2m — 3.645) + 1), (if (N = GF, (exp(32.95 —
2.788 x W_2m — 63.565 * NH_5m — 2.387 *

S 5m))/(exp(32.95 - 2.788 * W _2m —

63.565 * NH_5m — 2.387 * S_5m) + 1), (if (N =
E, (exp(96.576 * NDVI  F — 93.506 — 2.437 x
NH_m2 + 1.651 * W_2m))/(exp(96.576 *
NDVI % F —93.506 — 2.437 * NH_m2 + 1.651 *

w_2m) + 1),1/0))))))) ,

(M

where N — Quaternary sediment raster, G — Glacigenic
sediments, GL — Glaciolimnic sediments, GF -
Glaciofluvial sediments, E — Eolitic sediments, H —
Organic sediments, S — raster of slope, D — raster of
depressions, NH — normalized height raster, W — Saga
wetness index, F — Forest cover (1 or null). Numbers
by indices show necessary resolution.

To compare the results with and without effect
of using existing ditch vector data, the soil moisture
prediction rasters were compared with each other
using raster calculator. Thus, resulted rasters indicate
differences between both methods (Figure 2). Raster
values leaning towards -1 indicate that prediction for
the area is more wet than predicted using previous
methodology and for values that are leaning towards
+1 it’s getting dry. The obtained results were compared
by creating raster histograms. Raster data is presented
as input data, which shows differences in predictions.
The generated histograms are plotted on a logarithmic
scale and indicate the number of cells that are leaning
to one side or the other, predicting drier or wetter
conditions, respectively.

Results and Discussion

The areas on the glacigenic, or moraine sediments
have both areas where drier and wetter areas are
formed according to the methodology tested in
this study (Figure 2). In the close proximity of the
ditches, soil wetness values have declined due to the
elimination of local depressions. However, the soil
wetness prediction values have increased in some
areas and that may be due to a shift in the ditch vectors’
locations relative to the location of the ditches in the
LiDAR data or other conditions. A comparison picture
of the results of the various methods gives a visual
indication of the ‘noise’ around the wet areas. This
noise is due to data processing in the preparation of
input raster and resulted in a slight shift in wet areas.

The results for areas that represent the situation on
glaciolimnic sediments are shown in Figure 3. It can
be seen that, when ditch vector data is used for DEM

RESEARCH FOR RURAL DEVELOPMENT 2020, VOLUME 35

249



Janis Ivanovs, Toms Stals, Santa Kaleja

IMPACT OF THE USE OF EXISTING DITCH
VECTOR DATA ON SOIL MOISTURE PREDICTIONS

Legend

Changes in soil moisture predictions
-
11

0 100 200 300 m
| ] | |

Legend

Changes in soil moisture predictions
-
[ ]1

0 100 200 300 m
| ] | |

Figure 3. Soil wetness prediction changes on glaciolimnic sediments.

correction, higher soil moisture is predicted in areas
adjacent to ditches. No changes have been observed
in areas further from the ditches. The effect of this
ditch proximity is explained by the input raster files
that are used to predict soil moisture on glaciolimic
sediments. A significant influence on soil moisture
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distribution is coming from normalized height raster,
which indicates local elevation changes. By their
nature, ditches are considered to be locally lower
terrain. If ditch elevation information is removed from

the local elevation map, other adjacent areas should
become locally lower.
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Figure 4. Histograms of changes in soil wetness predictions.
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The histograms also show that the methodology
used in this study slightly changes the prediction of
soil moisture (Figure 4). The absolute majority of
values do not change, but a deviation is observed. For
areas on glacigenic sediments, (a) there is a relatively
large number of extreme values which indicate
significant changes in the soil wetness predictions in
one direction or the other. However, for the areas on
glaciolimnic (b) sediments, there is a slight shift in
predictions towards the wet side.

Conclusions

1. Soil wetness predictions for areas on glacigenic
sediments is significantly influenced by local
depressions. By modifying DEM with overlapping
ditch vector data and changing elevation values in
overlaying areas to null, many local depressions are
eliminated, thus making soil wetness predictions
to dry conditions.
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