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ABSTRACT

The study was conducted to analyse the impactaf lse on a river discharge and to explore the
sensitivity of a hydrological model by testing th#fects of different land use data and soil
characteristics of a specific watershed. The studa was the watershed of the River Fnjoska,
which is located in the Fnjoska valley in the nasthiceland. The WaSiM model applied in this
study was initially calibrated with the dischardehe water gauge, and the outcome of the model
simulation reflected the discharge well. After thetial calibration of the River Fnjéska
watershed, five fictional land cover scenarios wergorted into the calibrated WaSiM model to
analyse the effects and sensitivity of differemidacovers on the river flow. ArcGIS spatial
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analyst tools were applied to process the watersleideation and establish the five fictional
different land use scenarios. The alternate lamérsoincluded in the watershed were: grassland,
wetland, barren land, moss and heath land, fonedtshrubs. The simulated discharge with
different land covers was compared with the outcarhéhe calibrated model. The simulated
discharges for grassland, moss and heath land,obedrved discharges revealed a similar
behaviour of distribution. However, the runoff frahee barren land cover was quite distinctively
different, often returning the highest dischargke Dutcome of the model reflects well that the
condition and type of land use contribute signifiba to the runoff and are accompanied by
predicted scenarios of land cover and soil typengha. This work on the overall results
determined that simulated land cover change hadgaifisant impact on the discharge
distribution of the River Fnjoska through barrendacovers. Subsequent research in the Fnjoska
watershed should investigate land use and clintedage effects on sediment transportation.

This paper should be cited as:

Degembaeva N (2015) Analysis of land use effecttherdischarge of the river Fnjoska. United
Nations University Land Restoration Training Pragnae [final project]
http://www.unulrt.is/static/fellows/document/Degeaatva2015.pdf
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1. INTRODUCTION

By definition a watershed is the area where allhef surface water draining off it runs into the
same catchment area. Upper highland areas fromnstrand rivers collect water and recharge
groundwater aquifers. Watersheds can vary immernieetyze from a small river to embracing
networks of rivers, streams, and lakes and the #&gd surrounding them. The watersheds have
the prominent role in a water supply and humanviiets are highly dependent on river systems.
Unfortunately, various forms of degradation, inchgd exacerbated runoff and erosion, can
interfere with the health of the watershed. Theesfoestoration of watersheds is important in
water management, achieving natural hydrologickrizae and maintaining river ecosystems.

Disturbance of the ecological balance of watershedsery frequently the result of human
activities, e.g. by grazing and agricultural cudtien, and removing the forest cover in the
mountainous regions. Also, the foothills and floladp areas are often affected by urbanization
and the control of the rivers around the floodpl&m. location of levees and ditches (Lalika et
al. 2015; Paroissien et al. 2015). It is widelyogmized that forest cover on slopes plays an
important role in the formation of runoff and theisture retention of soil (Guzha et al. 2013).
The rapid pace of industrialization in the worlduking, among other things, in removal of
forest cover has indeed led to increased erosidheofurface of the upper watershed areas in a
number of areas throughout the world. These acticars have a strong influence on the
characteristics of an area and the hydrologicalmregof the rivers. Furthermore, the speed of
erosion is increased by global climate changesa#tedation in land use (Sarma et al. 2013).

According to Routschek et al. (2014), change imatic conditions enhances the land use
changes and can speed up the changes in the pespefrthe land such as content of organic
carbon, porosity, and vegetation cover and denlkitiiis research Ouyang observes that the land
use on watershed areas in north-east China, fitheréng areas increased from 23.5% to 62.1%
in the simulations, and in addition that during the years about half of dryland was altered to
paddy land (Ouyang et al. 2015). In this way a#sth drivers, human enhanced and natural
processes, are interacting, causing strong sytiergfects and affecting the condition of the
surface runoff and the change in sedimentatiors natthin the river (Smith & Wilcock 2015).

An increase in rainfall and its intensity due tonadte change will also lead to accelerated soill
erosion (Marshall & Randhir 2008). This can resultiooding in the rivers at lower altitudes and
increased transport of sediments. The influencéad use and the shifts in the hydrological
regime of the Namnam Stream in the Koycegiz Wagstshiurkey, indicate that climate change
will increase mean annual flow by-60%, because the impervious surface was increased t
0.1-50% (Baloch et al. 2015). The changes in soil aaéniy caused by erosion and the utter
exhaustion of nutrients. The depleting nutrientthmsoil and its fertility are the main reasornt tha
new land is transformed to enable further food pobidn (Bahadur 2012). This is a repetitive
process that is important to understand in ordestdp the chain reaction so the resource can be
used sustainably.
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1.1Goal

The main goal of this project was to analyse thpaat of land use change on discharge, and
explore the sensitivity of the hydrological modehslating river discharge patterns, to different
scenarios of land use.

1.2 Objectives

* To gain experience and training in using GIS tordelte a watershed and to extract land use
and soil classifications of the watershed;

* To analyse and compare runoff sensitivity, usity@rological model, by applying different
land use data and soil characteristics of a wagelrsh

2. LITERATURE REVIEW

The hydrological functions of the watershed depdnde the current condition of interrelated
characteristics of basic components such as lamdrctopography and climate (Brooks et al.
2003; Stewart 2013). Discharge from watershedstlagid capability to capture moisture depends
to a high degree on climatic factors, which in tare prominent with respect to available water
supply. Related environmental consequences of itagatiuence changes in the hydrological
regime of water flows (Fan & Shibata 2015). Spakligtirological models are used to study
changes in land use in watersheds. Hypotheticdl ¢aner scenarios allow describing the various
hydrological processes which are based on themucondition of the catchment area.

El-Khoury et al. (2015) used the SWAT model foran@dian watershed as a tool to demonstrate
how land use impact on water quality and quantityld be reduced. The calibrated model can
simulate possible effects on the watershed ofialiethe projection of land use. The authors

assume a rapid urbanization in areas, but incliste @ scenario where small forest areas have
disappeared and replace them with arable land drthenwatershed. The results show that the
variability in quality and quantity of water causeyglthe shift in land use is in the same direction

as the influences of climate change.

Fan and Shibata (2015) examined influences of las® and climate change by manipulating
different conditions of the water and nutrient gl They used SWAT as a hydrology and
nutrient model and an empirical land use changeemGdUE (Conversion of Land Use and its
Effects) for a river catchment area in Japan. Thesearch established that the climate changes
increased surface runoff and ground water rechdfgehermore, changes in the hydrological
processes as well as application of fertilizers eimanges in the nutrient cycle increased total N
and P yields. Concurrently, all combinations okef§ together with the climatic changes were
more powerful than land use changes. Paroissieh ¢2015) developed a method to estimate
soil resistance to erosion under climate and las&lalnanges by using the land use change model
CLUE-S and the soil erosion model STREAM. Theiruitsss as shown by to the hydrologic
processes, revealed that the alteration of pealtsdding, along with the increase in water level,
also increased nutrients and sediment in the runoff
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Jasper et al. (2004) use the grid-based catchmedélnWaSiM-ETH (Water Flow and Balance
Simulation Model) to analyse the impacts of climateange on the hydrological regime of
mountainous Alpine river basins. Differed projenticesults of selected scenarios of runoff
showed in an increase in evapotranspiration andctauh in the extent and length of the snow
cover. The tendency to change was especially fonrtie summer season exhaustion of soil
moisture and alteration in the temporary expressiorunoff, with preliminary and diminishing
maxima in consequence of the melting of the falleaw. According to Jasper et al. (2004) the
estimation of the impact of climate change on tldrblogical regime of river catchments in
mountain regions requires knowledge of geographecation and geometric features of the land
and also of land use.

Krause et al. (208 made a quantitative assessment of groundwatesanfigce water and their
interaction of the Havel river basin in a North @an lowland floodplain by applying
hydrological models. They used WaSiM-ETH to simellpercolation fluxes in the unsaturated
zone and estimate vertical soil water dynamics, KI@DFLOW for modelling flow in the
glutted area. Results showed considerable internidhdimensional variability between surface
water and groundwater in the explored area. Furtbes, the authors studied differences in the
kind of alteration structure inflow and outflowand from the groundwater. Krause et al. (2007
simulated the impact of land use and water balamarainage systems of floodplain sinks in
north-east Germany. In this modelling the alteratwf land use by using land use change
scenarios illustrated the influence of evapotramasion and vertical recharge of groundwater.
According to Krause et al. (200)/'the cause of change in land use structures igage in the
vertical groundwater water balance interactionswface water and groundwater flows. These
results emphasize the influence of land cover aathdge intensity of channel nets. This should
also be reflected in the management and plannitendfuse of wetland and floodplain areas.

Elfert and Bormann (2010) investigated the serigjtnf the WaSiM-ETH to the changes in land
use for the catchment of the Northern German lowvlBiunte River. Three different land use
scenarios were applied and their analysis showedNBSiM-ETH to be quite sensitive to the
choice of land cover. Consideration of three lasd ahange scenarios included alteration from
agricultural land. The first alteration from theriagltural land was into forest, the second was
into an urban area, and third was into forest andrlan area in equal proportions. In terms of
agricultural land use shifted into an urban scenamsults found an increase in runoff and
decrease in evapotranspiration. The reverse effgoéared for the scenario where agricultural
land shifted into forest. The third scenario hadnimor increase in these parameters. River
discharge increased groundwater by the interaatiomivers and aquifers and WaSiM-ETH
reacted highly sensitively to the supposed landchsages.

3. MATERIALS AND METHODS
3.1Study area

The study area was the River Fnjoskd watershed onthern Iceland. The river has an

approximate length of 117 km and it flows througtrious types of terrain from a rocky canyon
valley bottom to meandering vegetated floodplairtee river's watershed extends approximately
between 65° and 66° north latitudes and 19° andwiegt longitudes, as presented in Figure 1.

3
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The area of the Fnjoska watershed is about 1094 khe average annual precipitation is 355.2
mm. Climate conditions are characterized with laeyaperature fluctuations, the average max
being 16°C in summer and the low -26°C in winteatédfrom the Icelandic Meteorological
Office [IMQ]). The Fnjoska watershed includes gtasd, wetland, moss and heath, forest and
shrub land, and barren types of land cover. Thiectasses in the Fnjoska watershed used in the
map which determine by WaSiM value are Histosol, (Histic Andosol (HA), Gleyic Andosol
(WA), mixed Brown Andosol (BA) and Gleyic AndosaW@), and Cambric Vitrisols (MV). The
original soil data were provided from an Icelansiiel map published in 1998. The hydrological
regime of the River Fnjéska is most pronounced Wiitbd peaks in the middle of June in the
annual hydrological variation and snowmelt disclkaggnerated largely in spring and summer.
The average annual discharge was about #§ for the 27 years observed by the Icelandic
Meteorological Office (IMO). In the study area rdihaccumulates from snow melt and the
infiltration excess from saturated areas. Dischageinput data for the WaSiM model was

available in from the water-level gauging statioHM200 in the lower part of the River Fnjéska
(Fig. 1).
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Figure 1. Overvié\}\; bf the Fnjoska Watergﬁéd. Theerghed is Iocaféa in the north of Iceland, as
is shown on the insert map.
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3.2Methodology

The accuracy of topographic representations otaligievation models (DEMs) depends on their
quality and resolution. The WaSiM model as operaietthe IMO uses input grids with 1 km x 1
km grid cell resolution. Watershed delineation def®e on the flow direction and flow
accumulation grids prepared from a DEM by using@&. An acquired DEM of the study area
must be resampled to conform to the same gridstadl as used as input into the WaSiM model
at the IMO. The DEM needs to be processed in tiheecborder with the correct tools in the GIS.
Therefore, the project consisted of two componeaies,first including GIS data gathering, its
preparation, processing and manipulation of landec@and soil data, and the second involving
analysing the resulting discharge data from moaies$ r

The next step after creating the flow direction #losv accumulation grids was to consider the
pour point of the watershed (watershed outlet poifthe geographic location of the watershed
pour point for this study was where the gaugingiatais located (VHM200), at 17°53'51" W
longitude and 65°51°'04” N latitude. For the creatiof the pour point feature class in ArcGIS,
the location needed to be recalculated in decimgteks and then projected onto the Icelandic
Projection Coordinate system ISN93. Analysis ofithpact of the land use change to discharge
was implemented by extracting the existing landecoand soil classes within the watershed
boundaries and also to change the land cover ahdiass to input into WaSiM. Information on
land use and soil classes of the Fnjoska watergleee adjusted to the WaSiM model required
data format and grid size.

The sensitivity analysis was executed by compaitiegsimulated discharge series using the original
land cover and soil data with the simulated disgbaeries using different land cover scenarios and
soil classesFor analysis the different types of land use anitl dass data were compared by
manipulating land use scenarios with dischargeesefihe watershed consisted of five land cover
types; grassland, barren land, moss and heath Vesithnds, forest and shrub land, classified
based on the attribute column “Flokkur”, which elandic for class. It was necessary to
reclassify land cover and soil class data in otddit the format of the WaSiM input data. The
general processing methodology is presented inr&igu

Each land use scenario was compared to the cadbragrsion of the WaSiM model run. The
parameters compared were annual, seasonal anddongrunoff. Also for comparison, the

mean, maximum, minimum and peak of the flows sitedladischarges were determined. The
difference means of simulated discharges were @uebly using the deviation coefficient and
regression analysis was calculated in SAS (SASR013

3.3 Digital Elevation Model (DEM) selection, acquisition and preparation

The features of the watershed area such as ridgdey bottoms and channel properties are
identified by using a digital elevation moddlhe main necessary condition in hydrological
modelling is acquisition and preparation of a digélevation model (DEM) in order to calculate
from this the flow direction (frd) and flow accunatibn (fac) processes by using ArcGIS tools.
Resolution and quality of the DEMs determine theuaacy of topographic information of the
researched area. In this case the quality is repted in the elevation data and equates to
accuracy, in terms of resolution expressed in d¢lewaand spacing of surface information

5
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(Environmental Systems Research Institute Redl26a8). In the preparation process of DEM it
is important to understand the morphology of thelgtsite and to realize which features may be
factual or real, such as sinks that can influeheeflow of water on the surface in the watershed
area. Also there is a need to identify and avoaduiees which are merely errors in the data. The
United States Geological Survey (USGS) server plies/ipublic applications for different DEM
data. For the selection DEM, two datasets are cosdpavhich properly cover the study area
under consideration, the Advanced Spaceborne TheEméssion and Reflection Radiometer
(ASTER) Global Emissivity Database and NASA’s SlkeuRadar Topography Mission (SRTM).
The land cover resolution used at the IMO (IcelaMeteorological Office) for input data to the
WaSiM model is a grid of 1 x 1 km cells. The saresotution was used when other land cover
types were tried in the model.

Figure 2.The sequence of general methodology.

Ascertaining exact watershed boundaries from DEMedds on accuracy in the digital
replication of receiving stream networks. Comparisb display images of surface features was
executed into 1-arc-second DEM areas for ASTER @&l&bmissivity Database the Advanced
Spaceborne Thermal Emission and NASA Shuttle R&dpography Mission (SRTM) over the
study area. The second type of satellites througdnsion distance not covered our considered
region from these investigated DEMs. Thereforeléged ASTER which allows a high quality
output of DEM, measured over approximately 30 nBBym grid cells. As an appropriate output
format of the DEM for use in ArcGIS processed iméotical value which is 16 bit unit GEO tiff
and was downloaded with WGS84/EGM96 Geo-referenbe.clipped study area was projected
into the Icelandic Projected Coordinate system IB}3 Lambert from WGS84. The main

6
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requirement input data for DEM were that each giuld be compatible with the grid
dimensions and coordinates of the actual model finus the original ASTER DEM was
converted from Geotiff to ARC grid cells and res&dpfrom 30 m by 30 m to 1 km by 1 km
grid cells. The resampled 1 x 1 km DEM versus thgimal is presented in Figure 3.

DEM original DEM resampled

resample_dem

Value
High : 1523

-- Low:-13

icedem

Value
- High : 1537

- Low:-18

0 510 20 30 40
[ = . T 1 Km

Figure 3. Original and resampled DEM of River FRgsvatershed.

3.4Flow Direction, flow accumulation grid processing

The goal was to define the direction of flow fromegy cell in the study area using a flow
direction tool. Using the valid output direction#twthe eight-direction (D8) model the direction
of each cell in relation to the eight adjacent hbmur cells was computed. As Figure 4 shows,
the accumulated weight (number count of cells) fiadhcells flowing downward was calculated
with the flow accumulation tool. Watershed delin@ain GIS uses two types of grids, which are
created from digital elevation model data in ortdepresent in the flow direction (fdr) and flow
accumulation (fac). Information about the watershedndary was determined by the direction
of flow of each cell and how many of them flowedoirany downstream cell. For correct
delineation of a watershed the fdr and fac gridste study area DEM were built in the correct
order and with flow direction and flow accumulatitools using ArcGIS. The ASTER DEM
model in Iceland has a 30x30 m resolution, but\W&SiM model in the Fnjéska area has a
1x1 km grid resolution. Hence, the initial step wasesample the more exact information in the
DEM model into 1x1 km resolution by using the Ar&Xpatial analyses tool. Figure 5 shows a
flow chart of the preparations and processing el
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Figure 4. Determination of flow accumulation. (Smirhttp://resources.arcgis.com/en/help/main/
10.1/index.html#//009z200000063000000).

3.5Watershed delineation

Runoff on the surface of the watershed area formsraall rivulets. Then several of these
coalesce and form a branch of the river systemttieat merges in the river basin. The simple
flowchart of processing of flow direction and flaecumulation shows the order of steps needed
to accomplish a correctly delineated watershed ¢ffid. 5). The delineation of a watershed
requires proper filling of sinks for inclusion oisdontinuous drainage systems of the river in the
basin under study. The computation of the flow aimn by using watershed tools in ArcGIS
delineates the area from a DEM. To do this a rasteds to be created with the flow direction
tool. The cell values in the raster dataset are tised to determine the pour point. The result will
be the output raster which shows the contributirjevshed area in integer type. Figure 5
indicates the main GIS processing of watershecheation.

3.6 Land cover and soil data preparation and procesng

Land use and soil data need to be prepared as toputaSiM in ArcGIS. When watershed
delineation is complete data under the watershégypo are extracted from the original land use
and soil feature classes. Further, this vector awil land data are converted in ArcGIS into the
data format and grid size needed for the WaSiM modethis analysis the WaSiM model
required reclassification of the original land waster from a classification system based on the
attribute column “Flokkur”, which belonged to theiginal datasets. Reclassification of land
cover categories is important to put data into hyelrologic model and its run and this
methodology is presented in Figure 6. The soil daee produced by the Agricultural University
of Iceland and Icelandic Institute of Natural Histat the scale of 1:250000 of the soil map
(Icelandic Soils, Rala 2004). The land cover dateived from the source of the Vegetation Map
of Iceland, first edition of 1998 (Gudjonsson & @son 1998), which gives an overview of

8
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dominant vegetation communities in the study afégures 5 and 6 indicate the procedure of the
flow chart and preparation of land cover and satbf the Fnjéska watershed.

Figure 5.The watershed delineation Figure 6. The land cover and soil data
procedure. preparation procedure.

Sensitivity analysis of the hydrological model wdgained by comparing the altered land cover
scenarios to the original. Land cover data inptd WaSiM runs use the same categories of land
cover but with different numbers (Table 1). Thelgses of land use effects included land cover
and soil class data which were required to haveséime resolution as input into WaSiM model.
A land cover raster as a zone is defined fromralhsi in the input that have the same raster value
(i.e. land category). The ArcGIS zonal statistiosl twas used to determine the soil class raster
data with majority values and used the result liskabetween one land cover type and one soil
class. In other words, majority is the most countagter cells of a certain soil class value which
belongs to the particular land cover type in eammezwhich is appointed to all cells in that zone.
The resultant reclassification of the land covestenincluded the particular name necessary for
the particular land cover type as an output fortyya¢. Therefore, the same name as the reserved
field for the particular output raster as the naohehe zone field should be changed in the
attribute table. Detailed description of the creatof land use scenarios will also be considered
in the next section (3.7) below.
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Table 1.Determination of the original vector data for laoaVer classes and their values in
WaSiM grids. The WaSiM numbers are used in the magtes. (Source: Gudjonsson & Gislason
1998).

Flokkur (e.class) WaSIM model Definition

500 1 Vegetated areas, grasslands etc.

503 2 Wetlands

600 3 Barren area, sands etc.

509 4 Semi vegetated areas such as moss or hehthlan
743 5 Lakes

504 6 Forest or shrub

701 7 River

621 8 Glacier

3.7 Determination of land use scenarios

One of the objectives of this project was to expltihhe sensitivity of the WaSiM model to
different land cover scenarios. Existing land cowéhin the watershed boundaries was based on
the land cover as mapped in the Vegetation Mapcefahd (Gudjonsson & Gislason 1998)
(Table 1). The different scenarios of land coved aqil class used as an input into the WaSiM
model were based on the numerical values of the alatsoil classes (Table 2). The features of
watershed polygons had identical values and these wonnected to several attributes. From
these databases land covers and soil classes wiegieted. The watershed polygon clipped from
the original land cover and soil feature classesdad to be converted into an appropriate data
format and grid size to input the WaSiM model. BaBlshows land cover types and original soil
classes in the River Fnjéska watershed.

Table 2. Determination of the original vector data for scihsses and their values in WaSiM
grids. The original soil classes which define adouy the number of WaSiM model for input
data. Source: Icelandic Soils, Rala (2004).

Flokkur (e.class) WaSIM model Definition

H 1 Histosol

HA 2 Histic Andosol
WA 3 Gleyic Andosol
BA-WA 4 (Mixed)

BA 5 Brown Andosol
MV 6 Cambic Vitrisols
MV-SV 7 (Mixed)

SV 8 Arenic Vitrisols
SV-L 9 (Mixed)

L 10 Leptosol

C-WA 11 Cryosols — WA
GL 30 Glacier

WAT 20 Water

This project considered the hypothesis that chamgémnd cover will affect runoff and thus the
simulated discharges. The changes of original tawer raster values from original values were
executed by using a reclassify as table tool inGA& To reclassify original land cover values,
two items in remap in reclassify table were usdtk Teclassification land cover value needs to

10
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select as an input land cover raster to change damdr type. The first identifies the land cover
value which belongs to change. The second hastfiedover value according to the requirement
of WaSiM model values as an output value. The dématmon of scenarios selected according to
the output values of land cover types as a landcasegory. Obtained 5 types of scenarios of
Fnjoska River watershed indicated in Table 4.

Table 3.Land cover types and original soil classes in Rgoska watershed. Land cover types
and their area were extracted from the Vegetatiap bf Iceland (Gudjonsson & Gislason 1998).
Calculation of land cover type areas on values i@ster is executed with zonal statistics spatial
analyst tool Arc GIS. Then as a basic land covee selected for the majority of the tied values.

Land cover types Area, knt Original soil classes
Grassland 273 1(H)
Wetland 1 2 (HA)
Barren land 797 3 (WA)

Moss or heath land 8 4 (BA-WA)
Forest or shrub land 15 6 (MV)

Total area 1094 kfn

Table 4. Hypothetical scenarios of land use for River Bkfdwatershed.

Scenarios Land cover changed Land cover changed Area of Soil class
into change, change
km?

Degradation Grassland Barren land 273 3 (WA)
Dramatic degradation All land cover types Barren land 303 3 (WA)
Restoration 1 Barren land Moss and heath land 797 4 (BA-WA)
Restoration 2 Barren land Grass land 797 1 (H)
Restoration 3 Moss and heath land Forest or shrub land 23 6 (MV)

Initiation of land use scenarios has assumptioasl#md use change over time influences on the
soil under a range of land use types. Datasetdicutation of zonal statistics applied as an input
data values were received from land cover (Tabknt)soil class (Table 2). Definition of zonal
statistics in ArcGIS spatial analysis is the langer values are considered as integer output data.
Therefore, as an input raster the majority valueetls of watershed locations pertains to similar
zone as the output cell. Within the locations @f tlones have values raster datasets and used as
the zone dataset in majority values. The maximuth@fvalue input for each zone was executed
by using the reclassify tool in ArcGIS to definérk between a certain soil class and each land
cover type in the watershed area (Table 3 and7ig.

Establishment of soil class scenarios was basdtiespatial link between land covers and soill
classes. The soil class scenarios were definedsimg weclassify tool in ArcGIS spatial analyst
toolset. The reclassified land cover types in tmgd$ka River watershed with soil class will
create map as the result, which was used. The gifidand cover and soil class scenarios
converted in ArcGIS according to ASCII grid forned input data in the in the WaSiM model.
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Convert the grid formats each scenario and sosiscéeenario executed with tool in ArcToolbox.
The procedure of determination of land use sceaasipresented in Figure 8.

Majority of land cover
g 1 15

797

= Grassland = Wetland Barren land Moss or heath land = Forest or shrub land

Figure 7. The original land cover types in the Rivejoska watershed. Numbers show the area
(km?) of each land cover type in the watershed (see&dble 3).

Figure 8. The procedure of the creation of landec@nd soil class scenarios.
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3.8 The WaSIM model

The hydrologic model WaSiM is a physically basestrihuted model working on a regular grid.

Therefore, the input data such as DEM, land ude,catchments, soil types, and river networks
are presented on grids. The format required foiaSiM model was prepared in Arc GIS for

land use and soil data. The meteorological data uwssre temperature (Crochet et al. 2011),
precipitation (Crochet et al. 2007), humidity (Réglisson et al. 2007), wind and radiation
(Grell et al. 1994). The model was used to simulizgeharge with daily time steps and calibrated
by comparing simulated and observed discharge.bBEsé simulation was obtained at the IMO
and was used as the base run for this project.qUilaéty of the best simulation can be seen in
section 4.4. Figure 9 shows the model structuMYaSiM-ETH.

For each time step...

meteg-input:
input (meteanciogy) = temperature
¥ = wind speed
o ; * VAROUr pressurs
preCipsition comex i « radiation
¥ » precipitation etc.
interpolation|to grid
cell by cell N U el o
adjustment for Rand T = land use
¥ » subcatchments
_ _ = soil types
potential evaporation » Tiver network
Ewaporation + « gthers
from snow
[ snow accumisiation
el configuration:
[ = control file
glacier modal
{reelt and runof} Cither features:
mterception ! « Solutes transport
Svaparation modelling
! interceplion = Temperature
" modelling {soil
- anly)
infilfiraSondsifting-up
of surf, . noff I
enaporation! E;E e \’
transpiration surface discharge |
¥ 5mskmdm§l_ ruting
incl heat transfer
i ' % medow [
g iy Saturated zone
T T\'— basafiow =
dischamge routing incl.
lakes and resensairs |

[ ™ fntal dischame
Figure 9. Model structure of WaSiM-ETH. (Sourcephfwww.wasim.ch/en/).
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The model was then used to simulate dischargessasiag different land cover scenarios with
changed percentages of land cover types such sslagmnd, wetland, barren land, moss and heath
land, and forest and shrub land. This project idhetl the following values of land use
parameters:
- Albedo - list of values for every sample day andata in within (0...1)
- IntercepCap — interception capacity defines waterage capacity on leaves, expressed in
mm
- rs_evaporation - soil surface resistance only ¥@peration, s/m
- Rsc - leaf surface resistance in s/m
- LAI - leaf area index in fim?
- z0 - aerodynamic roughness length, m
- VCF - vegetation covered fraction which variatehimt(0...1)
- RootDepth - root depth, m.
The values of these parameters are presented la $ab

The potential transpiration from plant leaves, @rapon from bare soil and the evaporation
from interception surfaces was then calculated iaSWMl, using the approach after Penman-
Monteith. The leaf surface resistance (Rsc) inégahe resistance of vapour flow through
stomata openings from the total leaf area anddhegrface. The evapotranspiration modules of
WaSiM contain this parameter and most other necggsaiameters like the leaf area index (LAI)
and the vegetation coverage factor (VCF) (Modetdpson WaSiM, 2015) (Table 5).

Table 5. Parameters that change within different land ygeg, defined in the land cover module
in WaSiM.

Land use types Albedo IntercepCap rs_evaporat- Rsc LAI* VCF* z0* Root depth

(mm) ion (s/m) * (m) (m)
Grassland 0.2 0.4 400 90 4 0.95 0.15 0.4
Wetland 0.14 0.2 200 90 4 0.95 0.15 0.4
Barren land 0.15 0.1 100 250 1 0.8 0.05 0.1
Moss and heath 0.2 0.2 200 90 4 0.9 0.1 0.2
Forest and shrub 0.2 0.6 1000 80 5 0.9 1.5 0.5

*values change with Julian days

Interflow may be generated from porosities or betwesoil layers of different hydraulic

conductivities. Surface runoff, interflow, and baBew formatted drainage runoff. These
summed components give the total runoff, whichhmntthe input to the routing model which
then simulates routed discharge (Model descripii@8&iM 2015). In order to compare observed
and simulated discharge and evaluate the qualitthefsimulation, the equation of Nash —
Sutcliffe coefficient of efficiencyE) (Richard et al. 2006) was used:

n i N2
E=1- [%] Equation (1)

where, Qm, i — Observed discharge %)
Qs,i — Simulated discharge fs)
Q — Average simulated dischargd/gin
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In this study the model was used to simulate digghaeries from 1976 to 2003. The model's
simulated discharge series were used to analyseftbets of five land cover scenarios on the
discharge of Fnjoska watershed.

4. RESULTS
4.1 Flowchart for flow direction and accumulation

The watershed delineation of the basin requiredhteck the zonal continuous stream by using
the Fill tool to check in the data enables flowedtron to pass through all the cells towards the
outlet point. Flow direction was created as a gifidlow from each cell in the elevation grid to
downward neighbour cells, as described in sectidnThen flow accumulation process was run
and indicated a grid which accumulated flow to émlin other surrounding cells. The flowchart
for flow direction and flow accumulation of the dfuarea is shown in Figure 10.

Flow accumulation

Value
- High : 2464

- Low: 0

20 30 40
[ = T 1Km

Figure 10. Original and resampled DEM, flow direateand accumulation grids.

4.2 Watershed outlet point and delineation

The pour point of the study area is at the locabbithe current gauging stations in the River
Fnjéska, station VHM200 having the co-ordinates5B781” W longitude and 65°51'04” N
latitude. The pour point feature class which defittee watershed was created. Then this location
in the feature format was converted into decimgreles and finally projected into the ISN 93
coordinate system. The processed watershed detingaqquired an outlet point and as an input
raster of flow direction and flow accumulation. Wished delineation was executed after
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determining location of the rainfall runoff contuiing area through a common confluence point
on the study river.

4.3 Land cover and its scenarios

Determination types of land cover scenarios waslgoted, assuming that the changes in soll
class and land cover were impacted by the dynaafilznd use influence on the discharge of the
River Fnjéska. As the main data source of land caewel soil class, vegetation and soil maps
from the Agricultural University of Iceland and laadic Institute of Natural History were used.
Thus, the simulation of land cover consisted of pewameters: the type of land cover and the
associated soil class types, as indicated in Tabkach land cover was adjusted to the land use
grid as input to the calibrated WaSiM model. Tabkghows values and definitions of land cover
classes in the original vector data and in WaSiMsgr

When simulating effects of land use or soil tygds hecessary to change this initial information.
Arc GIS contains a spatial analysis tool to redfgdbe land cover raster based on the value of
the cells. The resampling operation GIS with 1x1 d¢mas extracted five land cover types. The
following types of land cover were obtained afteclassification: grassland, wetland, moss and
heath land, forest and barren land in raster fognds (Fig. 11).

N —= I"\‘ ’ "‘ "

1
” ¥ ]
1 - B Y T
%) |
‘ W i/
h|
. i > T
\ / & ., i.
| / {7 Y
b 9 )
{ 4 -
> Y ST = o
&
; o
1 o
o B
" /" o
Legend
Grass land
Wetland
Barren.land
Moss and heath land
Forest and shrubs land
Cartography: Nadira Degembaeva 0 5,10 20 30 40
Date 10.07.2015 | = mm e 1 Km

Datum: [SN93 Projection: Lambert Conformal Gonic Source; \celam?ic Met Office

Figure 11. Delineated Fnjoska River watershed amd Icover types(Source: Gudjonsson &
Gislason 1998).
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Creation of different hypothetical land cover sa@mafrom the original was done on the basis of
studying the effect on the discharge. When reptatamd cover types the soil class under the
land cover was also changed. The linkage of laredamsl soil class for each scenario (section
3.7) was carried out based on the Flokkur soilsgdasn the WaSiM grid, as presented in Table 4.
Figures 12 and 13 show all the hypothetical scersasf land cover types and soil classes on the

Fnj6ska watershed.

The original land covers

l:l Grassland

- Wetland

l:l Barrenland
l:l Moss and heath
- Forest and shrubs

The dramatic degradation scenario

l:l Barren land

K The restoration scenario 2 k|
:] Grassland
- Wetland
:I Moss and heath
- Forest and shrubs
. T — KM
10 5 0 10 20 30 40

The degradation scenario

- Wetland
:I Barren land

Moss and heath

- Forest and shrubs

The restoration scenario 1

l:l Grassland
- Wetland

Moss and heath land

- Forest and shrubs

The restoration scenario 3

\:l Grassland

- Wetland

:I Barrenland
- Forest and shrubs

N

A

Figure 12. Delineated Fnjoska River watershed and tover with different scenarios.

Thus the Fnjéska watershed land use changes igatsdi five hypothetical land use scenarios
for runoff generation (Table 4). The hypotheticahd use scenarios included two Degradation
and three Restoration conditions. The first scenaas generated by shifting the grassland into
barren land. The second scenario was used to exfier effects of Dramatic Degradation by
changing all the vegetation covers on the Fnjoskéerghed to barren land. The Restoration
scenarios represented a future land use scenaddfatent scales. The Restoration 1 and 2
scenarios showed an alteration of barren landrmies and heath, and also grassland on a large
scale. Restoration 3 scenario indicated the smaleschange of moss and heath land into forest

and shrub land (Table 4).
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Figure 13. Fnjéska River watershed soil class ceaognarios.

4.4 Discharge sensitivity analyses
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Figure 14 shows a comparison of observed and stetuldischarge over the time period 1976 to
2003. It can be seen in Figure 14 that the cakloralischarge did not manage to represent the
highest peaks of the observed discharge, and hkgothie low flow was a bit higher in the
simulated discharge compared to the observed digeh@he scatter plot of calibrated discharge
against observed discharges of Fnjoska is showdgire 15. The regression lines reveal that the
simulated discharge results can fit the data aisaéysl the Rvalue was around 0.68.
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Figure 14. Comparison of observed and calibratedndirge of River Fnjoéska from 1976 to 2003.
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Figure 15. Scatter plot of calibrated and obsenisdharges at gauge VHM200 of River Fnjéska.

Figure 16 presents a comparison of simulated digehaith simulations from all scenarios for
the year 1999. This year was chosen to analyseotim@arisons between discharge series because
it had one of the highest values of maximum sinadadischarge in the Dramatic Degradation
scenario. In the analysed time period from19760@32the highest discharge rates were observed
in spring, summer and autumn with different frequies of discharge peaks for all scenarios. The
lowest discharge was registered in the winter arty espring months. The maximum values of
discharge were found to be similar for the Degriadaind Dramatic Degradation scenarios. A
simulated discharge for Restoration scenario 3faasd to have a similar distribution compared
to the Degradation scenarios.
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Figure 16. Simulated discharge for the year 198Bgudifferent land cover scenarios of River
Fnjoska.

The analysis of simulated discharge detected aease in the volume of water within the flood
peaks when comparing the Dramatic Degradation scemath other scenarios. The results of
the simulation discharge of each scenario showedifjhest maximum runoff in the Dramatic
Degradation scenarios. This suggests that landhesgge will have a strong influence on flow by
increasing the maximum volume of discharge pealssimmer. Restoration scenario 3 also had a
similar trend as the Degradation scenarios. Therdtho Restoration scenarios 1 and 2 had a low
magnitude of discharge in flood. The maximum sirtedadischarges for all scenarios are shown
in Table 6. Therefore, the discharge series ofttematic Degradation scenario was chosen for
further analyses. Figure 17 shows the long-ternchdigge rates over 27 years’ time for the
Fnjoska, using the Dramatic Degradation scenatie. dverage discharge during the studied time
from 1976 to 2003 was 144.24fs It can be seen from Figure 17 that the highissharge was
simulated in the years 1995 and 1999.

The discharge series for the Dramatic Degradatenario for the year 1995 in both the summer
and winter seasons are shown in more detail inrégud8 and 19. The summer seasonal
discharge of the study area for the year 1995, whad one of the highest simulated discharges,
is shown in Figure 18. The maximum simulated displan June was found to be 276.73/sn
and the minimum was about 36 /s The monthly average simulated discharge in Jua®
139.97 ni/s. The highest discharge was simulated when grassind also all vegetation cover
was turned into barren land (Degradation and Dranfaegradation scenarios). The lowest
simulated discharge was observed for the Restor&tiscenario with the lowest discharge from
late June to the end of the summer season. Alhe@fstenarios had a low simulated discharge
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from the middle of August on. Analysis of the résudf the seasonal hydrographic year for all
scenarios indicated that the Degradation scenandsRestoration 3 during the flood peaks had
the highest rates of discharge. It can also be #lsminthe trend of distribution of simulated
discharges was almost similar to the dischargd®fRestoration 1 and 2 scenarios. Comparison
of the volume of peak discharge between DegradatnmhRestoration scenarios showed that the
discharge from the Restoration 2 scenario was 3¥®ed than the discharge from the Dramatic
Degradation scenario. Analyses of precipitation serdperature for the 27 year time period on
the catchment in question showed the highest maxiwvalue was found in the summer of 1999
(Table 6).

Table 6. Comparison of maximum simulated discharges fortitme period 1976 — 2003 for
River Fnjosk& watershed for all scenarios; caledan SAS.

Simulated discharge scenarios, ffs

Time Degradation Dramatic Restoration Restoration Restoration
period degradation 1 2 3
1976 233.05 233.02 129.87 130.58 225.35
1977 298.32 298.03 200.79 201.47 291.8
1978 297.01 297.08 159.88 160.63 288.41
1979 278.31 278.73 178.05 179.2 268.97
1980 258.79 258.72 148.61 152.8 252.94
1981 184.77 186.63 111.76 111.87 183.65
1982 263.41 263.88 154.06 154.89 251.45
1983 335.1 335.42 203.32 204.23 325.59
1984 280.78 282.1 154.02 158.26 261.92
1985 246.36 246.32 139.25 140.22 236.49
1986 224.24 224.55 117.56 120.81 221.87
1987 313.29 313.68 152.23 153.83 298.85
1988 345.53 345.86 170.44 173.74 341.07
1989 277.19 277.27 179.73 180.7 274.96
1990 263.61 265.13 166.87 167.73 250.1
1991 327.03 327.26 184.05 184.53 317.46
1992 328.3 328.55 181.47 183.86 316.33
1993 236.96 237.28 143.13 145.15 234
1994 227.35 227.67 134.86 135.32 213.88
1995 441.99 446.34 279.38 280.45 408.25
1996 276.27 276.71 156.71 159.73 274.35
1997 352.49 352.48 186.94 187.93 344.67
1998 249.27 249.41 137.44 138.09 247.47
1999 442.04 462.25 235.1 235.77 440.34
2000 227.23 227.33 134.61 136.21 225.31
2001 322.94 323.21 187.07 187.62 315.81
2002 273.99 280.27 144.45 146.76 257.11
2003 190.17 191.01 109.25 110.67 187.85
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Figure 17. Long-term discharge o
for time period 1976 to 2003.
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Figure 18. Summer seasonal discharge of River kajéstershed for all scenarios in the year
1995.
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Figure 19. Low winter seasonal discharge of Rivgbska watershed in the year 1995.

Figure 19 shows simulated spring and winter digpesmrfor 1995 when all the scenarios had
similar trends with high discharge in the springl ansimilar recession of water level in winter.
The increase in discharge for all scenarios stdrted April with a similar trend of distribution
of the discharge rates. The lowest discharge natgs in November and February, when the
temperature was lower.

The volume during the recession in the simulatesttdirge of the River Fnjoska was analysed
for October 1995, as shown in Figure 20. Comparigetween the calibrated and simulated
discharges of the Dramatic Degradation scenartbenhydrographs for one hydrological month
shows that the reduction in discharge started fthen first decade of the month (Fig. 20).
Comparison of the recession during the peak digehtor each scenario for 7 days is shown in
Figure 21. Analysis of the reduction in the disgjes for all scenarios is presented in a residual
plot from calibrated discharge. The increase inutated discharges for the Degradation and
Dramatic Degradation scenarios started in the Ioegyy and in the middle they intersected with
the calibrated one and then decreased. Recesstba gischarge volume in the Degradation and
Dramatic Degradation scenarios had a similar ti@mgl 21). Restoration scenarios 1 and 2 had
less discharge volume in comparison with the Degfiad scenarios. But in the middle of the
studied time the volume of discharge in these stehintersected with the calibrated volumes
and then started increasing. The Restoration 3asiemad a lower discharge rate than the
calibrated one.
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Figure 20. Recession of calibrated and simulatedhdirge for dramatic degradation scenario of
River Fnjoskéa for October 1995.
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Figure 21. Comparison of recession of simulatedhdisges for all scenarios of River Fnjoska for
October 1995.
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Figure 22 shows the effect of each scenario whempaoed with the base run. If there had been
little or no effect in the change of the land use $catter plot would be close to the 1:1 line. The
data points for Degradation and Dramatic Degraddi® over the 1:1 line, indicating that one
would expect a higher peak discharge than theiegisegetated land with consequently a higher
erosion power. It should be noted that the Restora& scenario is also above the 1:1 line. The
Restoration 3 had a small scale change from ma$death into forest and shrub land and the
area with altered land cover was indeed very sifiable 4). In this scenario barren land
consisted of about 72.85% of the total area ofwheershed. The small change in land cover
together with the large area of barren land seemegplain why Restoration 3 was so close to the
Degradation scenarios. The Restoration scenarifiscted in Figure 22 show significant
lowering in peak discharge, reflecting the benefieffects of the changed land cover.

5. DISCUSSION

Using the WaSiM model opened up the possibilitgxbloring in a non-invasive way the effect
of discharge for different scenarios at varioudescaConsequently it was suitable for analysing
the impacts of different land use. The Fnjoska veled was investigated using WaSiM to
analyse the effect of a land use change based/emyipothetical land use scenarios, as reflected
in Table 4. The long-term discharge for the DramBtegradation scenario was also analysed for
the time period under study (Fig. 17). Figure 16vghthat, if all vegetated land cover becomes
barren land, the result is a significant increasthe runoff of the River Fnjosk& during the flood
peaks. The magnitude and frequency of the simuldisdharges of Degradation, Dramatic
Degradation and Restoration 3 scenarios are venyasj having reiterated peaks of flooding
during June and July, as seen on Figure 18. Theaused by snowmelt in spring and early
summer and higher infiltration in spring and sumniésually high flow appeared from spring
snowmelt and in summer high discharge was causexdtéryse rainfall. High intensity of runoff
water in the extreme flooding condition in thesersrios will increase inundated areas and
sediment transportation. Hence, it is likely th&gbadation and Restoration 3 have a tendency to
be transformed into Dramatic Degradation, if noghia done. Figure 18 showing the seasonal
changes illustrates the same effect as Figure Ehannual basis.

Furthermore, the rather large scale change fromebdand in the grassland caused reduction of
discharge of a high magnitude. Within the Restoraticenarios, Restoration 3 had the smallest
land cover change resulting in a much higher diggh#han the other two Restoration scenarios.
Therefore, the Restoration 3 scenario of moss aathhturned to forest and shrubs and took into
account the small scale change. This was caused smnall change of land cover and did not

have much influence on the discharge pattern irstmelation. The small scale change of about
2% of the total area under forest and shrubs wasntaall to express much of a change in the
hydrological process such as in the infiltratioteraf the soil profile. The rate of change of the

simulated discharges was also different betweerRésoration 1 and 2 scenarios compared to
the others. During the winter season from the dralilumn the discharge volume declined (Fig.

19). Figure 19 shows the winter seasonal simuldisdharges for all scenarios. The highest

discharge for the winter season was found for testétation 1 and 2 scenarios while Dramatic

Degradation came out at the bottom.
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Figure 22. Scatter plot of calibrated and differ@mulated discharges scenarios of River
Fnjoska.
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When barren land shifted to the grassland in thehosent area (Restoration 2 scenario; Fig. 22)
the change in the discharge could be significangrassland increases the roughness and grass
has a capacity to withhold water, thus increasiagewstorage and decreasing the erosion rates
(Zhao & Xu 2013). Greipsson (2012) reported that éhoded soil results from wind and water
erosion activities. In his research it was noteat tihe intensity and frequency of the highest
peaks of flood increased sediment transportatiahthe possibility of developing gully erosion.
The cause of increased runoff in the Dramatic Déafian scenario (Fig. 22) was the lack of
vegetation cover and higher runoff volumes whidtuenced the soil moisture content, land use
and solil types.

Former research has shown that land use changesamagffect on the hydrological regime of
river drainage systems (Jasper et al. 2004; Kratsd. 200B; Fan & Shibata 2015; Elfert &
Bormann 2010). The finding in this present work wasull agreement with previous research,
as can be seen in Figure 22. The scenarios camagnassland and forest illustrated a lowering
in peak discharge, reflecting the beneficial eBeautt the changed land cover. Forest land had the
highest capacity to absorb water as it impacted pgheameters intercepCap, soil surface
resistance, aerodynamic roughness length and mgathdnore than the other land use types
(Table 5). It follows from Table 5 that barren lahds the least values, which leads to that
changes from one scenario to the other have prdfoansequences on the river drainage system.
Soil parameter input data for the WaSiM model far Fnjoska watershed consisted of 13 types
(Table 2). The results in the simulation showed tha different soil and land use parameters
influenced the water holding capacity and runofil &oisture content, rainfall and its intensity,
and temperature affected the infiltration procegsich included soil profile, root depth and soil
surface cover.

Vegetation cover slows the surface runoff, anddases the rate of infiltration. In addition,
vegetation increases soil porosity and organic enatbntent, which have a positive effect on
infiltration. The result in the simulation showdtht the different soil and land use parameters
influenced the water holding capacity and runoffalice et al. (20®J reported the changes in
land cover were connected with soil profile hydgit@al processes such as evapotranspiration,
infiltration, percolation and root water absorptiém addition, the herbaceous plants increases the
stability of the soil aggregate (Ekwue 1990), erdeasurface roughness, and increase resistance
to surface runoff via its leaves and stems (SackHélbrook 2006; Degembaeva 2006).
According to the results increased grassland alegded condition for infiltration and all barren
land changes to grass as an outcome of implemensathich included soil conservation and
protection.

Restoration can be achieved by management activiie reported by Brooks et al. (2003) and
Galatowitsch (2012). The scenario where barren &mfiied to moss and heath land was called
Restoration 1. In this scenario alteration wasvadid to take its course in a natural way, enabling
long-term recovery. The Restoration 2 scenario cetdidd changes in the soil texture and
vegetation density (Krause et al. 20D Dy increasing resilience to the erosive powewater

runoff and reduced the peak of discharge. Imprdaed cover increases soil organic matter and
stabilizes the soil (Arnalds et al. 1997; Francoale2003), and also considerably diminishes the
amount of suspended sediment (Brooks et al. 2088; & Shibata 2015). There is increasing
surface roughness in grassland and the root deptthe vegetation improves water movement.
When comparing Restoration with Dramatic Degradasoenarios, barren land did not have
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enough organic matter in the soil profile. Additdlg, the condition of the soil under barren land
can change over time caused by raindrops on ttiacgur

The results obtained in this study are consistetit those of Elfert and Bormann (2010) on the
impact of land use showing how the discharge wiectaefd when agricultural land changed into

urban. This condition led to the increase in run@fhich land use effects revealed through
changing vegetation cover and soil characterisfibsis the hydrologic regime changed from the
result of the impact of land use. The hydrologigime changed as a result of the land use
changes when the hydrological properties of thel laere changed by altering the vegetation
cover and water holding capacities of soil lay@tse impact of land use changes was significant
when compared to barren land and grassland. Tlesség point out the sensitivity of simulated

discharge to land use changes, especially wheuneiméled over the longest time period used in
the study.

6. CONCLUSION

The study is about the impact of land use on tehdirge of the River Fnjosk& watershed and
includes sensitivity analysis of the effects ofe@liént land covers. In the analysis five simulated
land cover scenarios on the watershed area werparech The analysis covered different types
of land use such as grassland, wetland, barrerioaest land, moss and heath. Different types of
land use data, as well as likely changes in saitatteristics of the watershed, were used as input
by the ArcGIS tool into the WaSiM model. The models calibrated to historic/observed data to
find a best fit. The best fit model was then use dasis for comparison of the effect of having
different land cover types within the modelled ar€ansideration of the calibrated discharge
with different land use scenarios included anndahg-term and seasonal analys@he
simulated discharges for Restoration 1 containirggniy moss and heath and Restoration 2
consisting mainly of grassland were close to theb&ded/Natural scenario, and had a similar
type of distribution. The Dramatic Degradation saé@m representing barren land cover differed
substantively from the Calibrated/Natural scenamo had a higher discharge during the flood
peaks. Based on the model runs, it is quite obvibasthe condition of the land use affected the
water runoff characteristics, and as a consequehckanged land cover and the soil class of the
watershed. According to the results of this projghet WaSiM model simulated discharge of
River Fnjoska watershed well. It would be benefiém further research in this field to extend
the work to the impact of climate and land use geartogether with sediment transportation.
This would allow gaining better knowledge of thetevabalance required for sustainable
watershed management.
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