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ABSTRACT

The use of GIS models for water quantity and quality modellinghndsspensable for the
determination of impacts of langse changes or climate changes that are expected to approach.

Southern Ukraine suffers from severe droughts, floods and soil atibnislready today.

It is therefore of utmost importance to use the available water resources optimally to provide
food security for the regions and to avoid loads of coastal waters.

The paper reports the results of studies that were carried out orCtimezan pilot areas.
These pilots comprise the whole catcimtseof the rivers Salgir and Pedtinara because the
quite various landises contribute to the river water discharge in different ways.

The main problems of the upper Salgib$asin are relatetb erosion and urbanisation
impacts. The transfer zone and coastal areas are subject to intensive rasjrutdri
agricultural developmentmcluding the reconstruction and reorganisation of irrigation systems.

The river Pbechaya drains a coastal ar@athe NorthEast of Crimea. Here, irrigation
and drainage and additionally waste water discharges have impacts on the Sivash wetlands that
increasingly cover the coastal area of the Sea of Azov.

In order to solve all these problems, regional stakeholigre been invited to develop
scenarios that are further evaluated by modelling exercises. Model results show the
consequences of those scenarios and thus support finding the best solution.

INTRODUCTION

Landuse and river basin management planningehlsg tradition in many parts of the warld

Many exampleglike Oregon Department of Land Conservation and Developn2éit), can

be viewed on the InternefThe quality of such planning in terms of potential scope,
sustainability and convincing force haignificantly increased since Geographical Information
Systems (GIS) and GiBased models are availablie former times, much of the planning work

was based on expert opinion and thus dependent on subjective experiences; this included a lot of
conflict potential anddelaysfor the planningphase.

Mathematical models helped to overcome the restrictions only partigels that could
be used for a broad range of cases were often not exact enough, more detailedountiialst
easily be generalised.

GIS and GISbased models enable including, amongst others, even small detaitsl of
use gained with support of Remote Sensimggery vertical profiles of soil characteristics and
future climate scenarios. They can be supplemem@apted calibrated, andalidated and so
offer the opportunity to control the output quality before decisions are n&&eand GIS
based models are therefore nowadays indispensable.

As an example proof for this statement the paper describes how-kHSed modelling
was used tstudythe impacts of presetdnd useandalternatives foftand useplanning in three
pilot areas of the Autonomous Republic of Crimea (ARQRraine The goal was to optimise



rural landscapedevelopmentin the pilots according to politicalsocial and ewlogical
requirementsThis is of utmost importance for Ukraine, especially the southern half of the
country where water resources are not sufficienafsustainableagricultural development. In
this context, Glshased modelling provides an instrumeot spatial analyses of water
availability and for sustainable planning of water resa@use.

The paper describes how impaots water availabilityhave been quantified using GIS,
which kind of planning scenarios have been foreseen to be moafettesl biree pilotsand how
first results of these modelling exercises have been interpreted and used for policy
recommendations. Thesshould also respect the requirements of the Water Framework
Directive (WFD 2000) as for example to reach a good ecologicat sththe two riversn the
pilots with support of local stakeholders.

INVESTIGATION PROGRAM FOR THE PREPARATION OF SCENARIOS MODELLING

The first step consisted in selecting the three pilots and determining the main characteristics and
needs for furtheplanning efforts. The final choice is shown on the niEgurel).

Pilot river basins
[ Upper Salgir
[] Lower Salgir
[ River Pobednaya

Figure 1. Topographical map of Crimea with the three selected pilot areas

The main problems of the three pilots can be summarised with the fodwaten system
service$(Kamari et al2008) that have to be secured differently for each singular pilot:

1.  Water for Peopleln the basin of the upper Salgir river (from the sources to the drinking
water reservoir of the Crimean capital Simferopol) anthropogenic impacts of the past,
present anthe future have to be assessed, alternative measures towatairéor people
have to be shown up and required measures for the futuvith respect to further
expected climate changé$iave to be determined

2.  Waterfor Food The transfer zone and th&wer river reaches downstream to the Sea of
Azov are mainly used for irrigated and rainfed agriculture. The local water resources for
irrigation are however scarce amist be completed by water from the Dnieper delivered
over a 400 km distance throughethorth Crimean Canal (NCC). This has relevant
economic impacts anekquiresan economial and well balancedise ofavailablewater



for food

3.  Water for Nature The basin of the Pobednaya River in the N&#st of Crimea is
subjected to omoing land usechanges. The amount of irrigated agriculture could be
increased using water from the NCC and thus ensure higher incomes for the rural
population. But then the Sivash wetlands would receive more water (and nutrients)
leading to a decrease in salinisation atrdnger reed expansion and thus endanger the
ecological value of the area. Therefore, the main aim in this study is to show up how
agriculture can bsupportedvhile securingvater for nature

First of all, already existing information had to be cdlecfrom various sources, mainly

state agencies for river basin management, hguteorological services and local
administrations. Geographical thematic maps are available from aflagesBagrov et al.
2009 andthe Internetbut most of them were haetailed enough andot sufficiently upto-
date Therefore, the second step was to update awlijitise mapsto provide a baskHwide
overview of relevant informationFor this purposesatellite imagery (Rapid Ey&009 and
whereconvenientGoogle Erth mapsave been used

Last not least, field trips had to be undertaken in order to confirm some of the mapped
details and to assess the hydromorphological status (according to WFD specifications) of the
upper Salginot reported hereggnd Pobedna River and their floodplains.

The following scheméelow Figure2) summarises the whole procedure and shows how
regional and local stakeholders have been involved in the whole probessiork was done in
accordance with methods developed in fh@me of te EC 6th Research Framework
ProgrammeWater Scenarios for Europe and for Neighbouring Std&SENE$ (Contract
number: 036822)The methodology is described more in detaila webpage of the Finnish
Environment Institute (SYKE2011)andby Zhovtonog etal. (2009).

Preparation of inputs

Maps: topography, land use, soil type]
Database: daily meteorological data
water and land use pameters

St a k e h infordhations §
supply and consultation

v

Modelling the present based on GIS

Result analyis, interpretation, presentationgtakeholders

Modelling alternative scenarios (of land use, climate change etc.) ingludin
specifications fronstakeholders

Comparison, selection of best choicestgkeholders

Policy recommendations to reach sustainable rural development and WFD

Figure 2. Involvement of stakeholders in the modelling proeessrding to WFD requirements
and SCENES project methodology



METHODS

The GIS was set up using tlEESRIsoftware ArcView3.2a, ArcGIS 9.3 and additéd open

source programmes like MapWindow. ArcView has been selected because many additional
extensions can be linked for a broad spectrum of tasks. These modules are the hydrological
simulation model SWAT (Arnold et al., 1998) and ATtILA (EPA, 2007) toegate maps of
hydrological parameters, water quality and related landscape assessments. The two modules
require similar input data and maps and provide a broad spectrum of attainable results (see also
Hoffmann et al., 2009). The Microsoft Access progi@sik-Eingabedescribed in Bayerisches
Landesamt fuer Wasserwirtschaft (2002) has been used to calculate the hydromorphological
state of the river and its floodplain.

RESULTS

Case study Upper Salgir Riversub-basin
Present situation and problem setting

This part of the Salgir River basin comprises an area @B8/a situated in the karst region of
the northern slopes of theri@ean Mountains and their forelands (maximal elevation: 1447
m+MSL (Mean Sea Level)yminimal elevation 294 wMSL and mean elevain 628 nm+MSL)
down to the Simferopol drinking water reservaétigure J).

The area is mainly covered by forests amrdetation comparable &ieppe growing on
red-brown mountain soils (partly former agricultural areas). Residential areas have bean built
many placeand are still developing in the riveitsodplain thatis covered by alluvial soils.

The maindriver of this basin part ihe increase of the population density that is stil on
going today.Resulting pessures argroundwater pollution bgewage (as a canalisation does
not exist) and horticulture Former anthropogenic landscape changes like deforestation,
agriculturalland useon steep areas and last not least(ffaetly) channelisatioof the river bed
have resulted in a severe increadesoil particles transport down to the drinking water
reservoir.Grazing cattle causeadditional impactssuchas erosionon steppe and river habitats.
Table 1 showsheoverview onthe mainissues.

After crossing thesubbasinboundary, the Salgir flosvinto the reservoir that delivers
drinking water for the southern part of the Crimean capital Simferopol. It is about 5 km long
(depending on the actual water level) and nearly 1 km wide. Its total capacitpilid6m?®,
out of which 32nillion is avalable. The depth of the reservoir near the dam is 35 m; raw water
is abstracted in a depth of 32 m. In recent years, the reservoir showed indicators of
eutrophication, as, for example, a bad smell of rotten egd (R the abstracted raw water.

Results and recommendations

Modelling was used to analyse the impact of the whole complex of those factors that influence
water quantity and quality at the outlet of the Rgtbasinjust a few hundred meters upstream
of the reservoir inlet. The next four nefFigure 3) show examples of the differences between
thesubbasirs in theland use surface ruroff, sediment yield and organic phosphorous (orgP).
Erosion, sediment transport and suspended matter in the river and reservoir play a key
role for the undestanding of the nutrient loads of the reservoir. As can be viewed in the map
sediments originate mainly from the No#ast of the basin and are washed away during heavy
rainfall events. Nitrogen, mainly ammonium, and phosphorous compounds are adsdheed at
surface of eroded particles. It is therefore important to reduce erosion. Additional loads from
sewage play a minor role at present but could become an important pressure in the future. To



determine the importance of this impact one has to set sgario that includes several
assumptions because it is not yet clear how many inhabitants (mainly Tartars) will settle in the
floodplain in the future and if any reasonable solution will be implemented to reduce the load of
soil and groundwater. In a firsapproach, yearly average values of nutrients have been
calculated for the present using the SWAT model. If the Salgir floodplain will be populated by
e.g. additional 1000 inhabitants in the future the phosphorous load, originating in the
floodplain, will double. A rough calculation, for the (wet) year 2004, (based on the assumption:
no canalisation, no soil adsorption) gives the figagshown in Table 2.

Tale 1. Identification of drivers, pressures, state changgacts and possible responses
(accoding to WFD guidance document noZB(3)

Drivers Pressures State change Impacts Response
population| 1. environmental pollution: 1 sail healthrisks |  sewage and
growth 1 sewage discharge (un contaminated| (increase of waste water

flushed toilets, absencg  permissible | cancer rates, treatment
of canalisatiop nitrate blue-baby 1 restrictions in
1 storm water rusoff in concentration| syndrome) horticulture
settlament areas and in 1 ogarbage
from roads groundwater management
9 diffuse agriculture and |  exceeded
horticulture pollution
(nutrients, pesticides,
cattle breeding)
1 landfills, wild deposits
and cemeteries o
use of 2. pressures on landscapes: | erosion rate eutrophication| ecologically
landscapes 1 forestry activities (clear| higher than for | ofthe optimised
cuts, construction of | typical natural | reservoir landscape
forest roads, erosion) | landscape planning
1 alteration of
hydrological regime
(e.g. river straightening
1 changes of landscapes
(settlements, gardens,
roads, grazing
livestock)

The increasel% for organic phosphorous compounds) could be even bigger depending on
population density, climatic factors and other impacts; for sure, thisgghavate water quality
problems According to model calculations of Vollenweider (1980), Dillon & RigtE9{4) and
Bendorf (1979) about a load of 2 kg/ha*year P in the catchment are tolerable for lakes and
reservoirs

Additional pressures will come up related to the groundwater quality. One can expect that the
nitrate concentration will soberly increase leaio health problems and enforcing investments

for other drinking water sources.

Countermeasures that can be recommended facing the described pressures include measures to
reduce erosion and soil transport across the conceutdahsirs and to develop airbanisation

plan that gives room for nature and people and that solves the sewage problem locally or on
region level.
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Figure 3 From left to right hand sidéand usemap,surface ruroff (mm/month), in the second
row: sediment yieldtons/hdyear) andohosphorous loatkg/ha*year)

Table 2. Results of ugh calculation for the (wet) year 2004
orgP | inorg.P | orgN | NOs-N

average loads in kg/ha*year at present | 2.5 0.13 19 5

% increase (calculated for 10000 12 8
additional inhabitants in the fbalplain *)

Transfer zone and lower Salgir case study
Present situation and problem setting

The transfer zone and the lower Salgir and its delta are locateastteam of the Simferopol
reservoirup to the Sivastwetlandsand Sea of Azov in theastern part of Crimea he flow
path is aboufl37 km, the height differenc255 m. Precipitation in the lowland area are rather
small and reach an averaged@6 mm yearly only During drought periods the river can dry out
in several reachedlore precipiaition (snow and rain) igegularly detected during winter with
sometimes heavy rdil events in summer.

The river flow firstly dependsn the amount of water released from the reservoir. This
amount is rather constant over longer periods but is incréasmaes of bigger dischargdske
usually in April Further downstream, the river flow is influenced by a rather small water yield,
that is however quite different in the variosisbbasirs, and by water abstractions along the
river. To satisfy the neadof irrigated agriculture irrigation water is mainly withdrawn from the
NCC, but its costs are high in this region because of charges for pumping and high energy
tariffs. Therefore there is a strong economic interest (mainly of small farmers) to use the
cheaper water supply from local resoureeg. for vegetables



As shown inFigure4, reservoir water isupplied fordifferentsectordeading to temporal
shortfallsand morereliance on the NCC water suppiihat is another reason why local water
resoures should be used as efficignas possible including the use of storage basins and drip
irrigation. Furtherdownstreansewage andhdustrialwastewater isdischargednto the river
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Figure 4. Water volume and discharges from the Simferopol reserv@o08
Results and recommendations

Using the SWAT model it is possible to calculate the water yield and the resulting outflow of
eachsubbasin(Figure 5. Besides the irrigated arehetfigure also shows the irrigation project
area thatuused to be opational in Soviet timesind could be used in the coming yeafter

some reconstructiorit is however obvious thadditional water can not be abstracted from the
river itself except duringhe time of snow melt, e.g. in April. This surplus could be stadmne
some selected places and used for irrigation in May or June. At prtgeattual irrigation area

is about2264ha, a similar sized area could be additionally irrigated if the spring surplus would
still be available during the summer.

Average flow ait, m"3/s

sub July | August Saig Fiver
basin Irrigation canals
1 191 7.98 m=m Actual area of irrigation
2 2.16 8.50 = Irrigation project area
= Reservoir
i ig; 22421 Average river flow, m*3/s
5 1.62] 3.65 _
6 1.59| 2.95 == August
7 1.25 1.42 Water yield, mm
3.0-7.0
7.1-14.0
14.1-21.0
03755 15 km :g;: i §2‘8
. - .

Figure 5. Average water yield of the sewaitbbasirs in August between 1998 and 2008 and
resulting river flow (columns-X andtable to the left) at theubbasinoutlets of the main river
channel



But even this amount of water would not be sufficient to covergtbeing needs of
irrigated landdn future. A possible scenarifor a desirable futurevould bea tenfold increase
of irrigated land$ut this could not be realised without water from the NCC.

Pobednaya River case study
Present situation and problem setting

The Pobednaya River drains a rather flat landscape with slopes mostly less than 2%. It flows
into the Sea of Azvin the NorthEast of Crimea.

The river has been heavily modified in the past. Originally a small water course (nhatural
gulch) with a watershed area of app,08D ha has been straightened and its bed deepened to
serve as a collector for water drainednfr adjacent irrigated fields. This was necessary to
increase the discharge and to avoid stronger salinisation of soils that were to be used for
irrigated agriculture in Soviet times. At present, 75% of the watershed areausientdy
agriculture (aroun@®0,000 h3, 35% of which (11000 ha) can be irrigated (this area is equipped
with irrigation and drainage infrastructure anded to befully irrigated in Soviet times).
Unfortunately, former landscape changes did not aim at creating ecologically uaefturss;
instead the river bed and banks are rather uniform and more similar to a channel than to a river.
The river bed and banks are mostly covered with reed that builds up unwanted organic
sediments that is dredged out in several places from timent Due to slight slopes and
vegetation the current velocity in the river is not sufficient for a natural translocation of
accumulated mud. Correspondingly, the hydromorphological assessments of the river itself and
its floodplain delivered mostly unfavaable results as shown in Figure 6.
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Figure 6. Results of hydromorphological assessments of the River Pobednaya including the
nearby floodplain

Additionally, two major discharges of untreated waste water load thésivater body.
One from the city Krasogvardeiskoe and the other from a poultry farm neéRoerink et al.,
2009. This results in heavy river pollution, an increase of nutrients and spread of reeds in the
Sivash hindering several rare species of birds to find nesting places. Water qualityitored
by the regional ecological inspection, which takes samples for analysis at several locations each



year and Figure 7 shows the location ofsampling points and some analysessults
(concentration of ammonium and BgD

Further downstream, watéom the NCC is directly added to the water body (Figure 7)

to improve water quality and increase the water level in Sivash to keep the coastal areas from
drying in summer time (Photo 1).

By this way, the freight of nutrients is of course not reduced andes eutrophication,
unchecked spread of reed and other problems in the Sivash wetlands.
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Figure 7. Location of the sampling points aresults of water quality analyséNH,” and
BODs) compared with UkrainiaUA) ecological norms
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Scenarios

There are unique steppe landscapes and wetlands in th8ivasin part of Crimea, which can
be a source of business development for local economy (e.g. green tourism, birds watching).
And though bcal stakeholders appreciate their value in the studied river basin, they see this area



