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Summary

The Dotter project was initiated in order to provide the first steps in the development of a new
method for spatially explicit information on the presence of vegetation in and along water
ways, using a full spectrum camera in combination with an Unmanned Aerial \Vehicle
(UAV/drone). When merged, images from this camera provide information on the amount and
location of vegetation along the waterways. This information can be used to define when and
where vegetation management through mowing might be necessary in order to provide
sufficient conveyance capacity. At the same time the images can provide information about
locations with ecologically valuable vegetation. This can help selecting an efficient and
ecologically friendly mowing method.

During the project field visits to 2 Dutch locations (Lage Raam and Linge) were made to
collect data for the development of this method. A detailed set of images was recorded at the
River Experiment Center of the Korean Institute of Civil Engineering and Building Technology
in Andong, South Korea, in order to assess the sensitivity of the method for changes in water
depth and turbidity, and to compare recordings from the camera in combination with the UAWV
io recordings taken by the camera from a fixed position. Images were analysed using indices
from literature and first steps towards clustering were made. Data was collected to relate
these results to the biomass at the locations and the potential for linking this information to
assessments in line with the requirements for the Water Framework Directive.

The resulls show that the method is promising and that the use of the camera in combination
with the UAV is providing valuable insight in the location and amount of vegetation. The UAV
provides the suitable height from which the most usable images were collected. Images from
the fixed pole were generally 100 close to the water surface and werg more difficult to stitch
together due to a lack of reference paints.
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SUMMARY

The Dotter projectwas initiated in order to provide the first steps in the development of a new method
for spatially explicit information on the presence of vegetatiorin and along water ways, using a full
spectrum camera in combination with @ Unmanned Aerial Vehicle (UAVdrone ). When mergedimages
from this camera provide information on the amount and location of vegetation along the waterways.
This information can be used to define when and where vegetation management through mowing might
be necessary in order to provide sufficient conveyance capacity. At the same time the images can provide
information about locations with ecologically valuable vegetation. This can help selecting an efficient
and ecologically friendly mowing method.

During the project field visits to 2 Dutch locations (Lage Raam and Linge) were made to collect data for
the development of this method. A detailed set of images was recorded at the River Experiment Cente
of the Korean Institute of Civil Engineering and Building Tehnology in Andong, South Korea, in order
to assess the sensitivity of the method for changes in water depth and turbiditand to compare
recordings fromthe camera in combination withthe UAVto recordings taken by thecamerafrom a fixed
position. Images were analysed using indices from literature and first steps towards clustering were
made. Data was collected to relate these results to the biomass at the locations and the potential for
linking this information to assessments in line with the reqirements for the Water Framework
Directive.

The results show that the method is promising and that the use of the camera in combination with the
UAYV is providing valuable insight in the location and amount of vegetation. The UAV provides the
suitable height from which the most usable images were collected. Images from the fixed pole were
generally too close to the watersurface and were more difficult to stitch together due to a lack of
reference points
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NEDERLANDSE SAMENVATNG

Seizoensmatige ontwikkelhg van vegetatie in kleine stromende wateren kan leiden tot een verhoogd
overstromingsrisico vanuit watergangen bovenstrooms van deze vegetatie. Tegelijkertijd is deze vegetatie een
belangrijk onderdeel van een gezond functionerend ecosysteem, zoals ookodale KRW wordt beoogd. Te veel
vegetatie moet echter wel tijdig verwijderd wordenom voldoende aanvoer en afvoer van water te garanderen
Daarnaast geldtin KRW-verband dat er niet te weinig, maar ook niet teveel vegetatie aanwezig moet zijn.
Waterschappen maaien veelal meerdere keren per seizoen hun watergangen. Maaien en ook baggeren gebeurt
voor het verminderen van het risico opwateroverlast door opstuwing en voor het verbeteren van deecologische
waarden. Voor verbetering van de ecologische waarde van de vegetatie is het uitvoeren van @epresentatieve
monitoring en afstemming met onderhoud van watergangen een wezenlijke roDeze monitoring is niet
vlakdekkend.

Het ontbreekt de beheerders vaak aan overehtelijke, snellemethoden om objectief inzichtelijk te maken waar en
hoe het maaien doelmatig en efficiént uitgevoerd kan worden. Innovatieve meetmethoden en bijbehorende
software leiden tot vlakdekkende informatie om meer effectieve en beter gerichte belerkeuzes te maken. Deze
informatie wordt aangewend om in eenvoudig te gebruiken visuele tools weer te gevevaar in het watersysteem
welkemogelijke significante weerstanden en verstoppingen zitten, en of deze door vegetatie worden veroorzaakt.
Zo kan mengericht in tijd en ruimte en met het juiste beheer ingrijpen, véérdat eventuele calamiteiten zich
voordoen tijdens veel neerslag.

Zoals een vaatchirurg een Dottepperatie uitvoert en kijkt welke verstoppingen waar moeten worden
weggehaald, zo kunnen dearstoppingen in watersystemen in kaart gebracht worden. Zo zetten waterbeheerders
gericht hun beheermiddelen in, zoals maaien, baggeren en stuwen, om alleen probleemlocaties aan te pakken daar
waar nodig. Zo wordt de vegetatie gespaard op andere plekken evordt ook menskracht en geld effectiever
ingezet. Tenslotte verbetert zo de communicatie tussen verschillende beheeronderdelen binnen het waterschap
én onderbouwt menhet werk ten behoeve van externe communicatie nadrun ingelanden.

Met het Dotter-project zijn we gestart met de ontwikkeling van een snelle techniek om te bepalen waar de
daadwerkelijke hydraulische obstakels in een watergang zich bevinden en tegelijkertijd de ecologische waarde

OAT AA OACAOAOEA OA EAOOAOAG8m t8 telted in QwBhadRA ertdgelgkertilAde OA C /
verschillende typen vegetatiete identificeren, bepalen we waar de echte knelpunten in de beek zitten. Door alleen
AAUA OET A1l pOT OAT 8 OA OAEITAT j OA Al OOAOATmwWattdh @QindteAT Al
komt aan het bereiken van KRWAfoelen.

Het Dotter-project is in 2016 als TKiproject vormgegeven (Topconsortia in Kennis en Innovatie). Projectpartners

uit Nederland en ZuidKorea hebben extra bijdragen geleverd en een toeslag gegenereentl fondsen van de
Topsector Water. De waterschappen Rivierenland en Aa en Maas hebben financiéle middelen ter beschikking
gesteld voor deze innovatie.

Doel van het project
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Nieuwe UAV (drone) technieken maken het mogelijk om grote trajecten snel en geautmtiseerd in kaart te
brengen. Het doel is om een vlakdekkend beeld te krijgen van deatervegetatie en mogelijk ook
soortensamenstelling  (experimenteel). De eigenschappen van vegetatiesoorten bepalen welke
stromingsweerstand kan optreden. Ook is dit belangrijk om de biomassa ontwikkeling (en daarmee weerstand
ontwikkeling) te bepalen.$1T 1 O CAAOOEE O i AEAT OAT OPAAEEEAEA &EOI I
vliegtraject van de UAVdrone , via een koppeling va de leggerwatergangen met GR&uring van de UAVdrone ,
kan deze informatie snel worden ingewonnen en verwerkt. Via een gekalibreerd en gevalideerd algoritme worden
de beelden inéén keer verwerkt tot een viakdekkende kaart van het gemonitorde traject, warin kansen en
knelpunten oplichten. We maken bij de kalibratie en validatievan deze techniek niet alleengebruik van
Nederlandse locaties maar ookan een unieke proeflocatie in ZuieKorea (via het River Experiment CenterKICT).
Het doel is om met dezedchniek snelle en betrouwbare beslissingen te kunnen nemen over de mate en locatie
van ingrijpen.

Resultaten 2016

Aquatische vegetatie reflecteert zonlicht. 2 reflectie heeft een bepaald frequentiebereik. De uitgekozen full
spectrum camera is geschikom dit waar te nemen, in het zichtbae en deels onzichtbae deel van het spectrum
(450-998 nm). Deze bandbreedte is geschikt bevonden, alsmede de ruimtelijke resolutie van de opnames. De
camera is getest via een vaste opstelling op een boot, aan een brug, @an ladder boven het wateroppervlak, aan
een telescopische paaldp 6 m hoogte) en onder een UAV/drone op 10 a 2@n vlieghoogte. De toepassing onder
een UAV/drone was inclusief het gebruik van eestabilisatie-systeem, om de camera steeds in dezelfde pis te
houden. Het gebruik van de boot leverde problemen op met de positie van de camera, die onder een schuine hoek
stond ten opzichte van de waterspiegel. Het gebruik van de brug, ladder en de paal resulteerde in een te lage
waarnemingshoogte, waardoorde resolutie te hoog werd en beelden te gedetailleerd waren met te weinig variatie
per beeld. De opnames met de UAV/dronkleken prima te verwerken, op een geschikte afstand en loodrecht op
de waterspiegel.

De opnames met de camera moeten verwerkt worderot bruikbare informatie. Hiervoor is een aantal proces
stappen nodig. De ortherectificatie en de geereferentie wordt uitgevoerd met behulp van dGP$nformatie.
Normalisatie van de opnames is nodig, waarbij inkomend zonlicht, de verandering hiervan tijdeet maken van
opnames en de lichtgevoeligheid van de camera een rol spelen. Dit vereist aandacht in de praktijk van het maken
van opnames. Daarnaast is het belangrigmi DAAT 01 1 CAT AA AAAT AAT AAT Al EAAO
voor een volledigvlakdekkend beeld. Als op deze manier verwerkte beelden gereed zijn, kunnen diverse spectrale
banden met elkaar gecombineerd worden via indices, biporbeeld een specifieke groenindex (NDVI).
Verschillende indices die bedacht zijn voor vegetatiepnamesgeven verschillende informatie over de vegetatie.

Het is door tijdgebrek nog niet gelukt om vegetatiesoorten te herkennen op basis van de hyperspectrale opnames.
Wellicht is herkenning van soortgroepen, via typische eigenschappen van deze groepen, mogelijkader
onderzoek hiernaar is nodig, wellicht gebruik makend van software die vormen en patronen kan herkennen.

De waterdiepte en de troebelheid van het water beinvioeden de kwaliteit van het opgenomen beeldmateriaal.
Naarmate de waterdiepte groter wordt,neemt de reflectie van de (ondergedoken) waterplanten af, en deze
afname is groter bij grotere golflengtes. Zo zijn planten met reflectidsj grotere golflengtes moeilijker op te sporen
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naarmate ze dieper onder water staan. De troebelheid spealharbijol E AAT O1 1 8 %Al COT OA O/
waterplanten slechter zichtbaar. Er zijn indices die meer of minder gevoelig zijn voor troebelheithaar nader
onderzoek hiernaar is gewenst.

Als we via de spectrale analyse vlakdekkemdnformatie kunnen genererenover de aquatische vegetatie in termen
van voérkomen en dichtheid, dan kunnen we hieruit de hydraulische weerstand schatten van de aanwezige
vegetatie. Hiervoor zijn kentallen en soortkennis nodig. De hydraulische weerstand, die via de vegetatiekartering
na bewerking vlakdekkend beschikbaar is, kan in een hydraulisch model als ruimtelgkvariabele ingevoerd
worden. Zo kanvoor iedere waterganguitgerekend worden welke vegetatie waar tot welke opstuwing leidt.
Daarmee kan ingezet worden op tijden ruimte-specifiek maaibeheer. Er isal een hydraulisch model ontwikkeld
dat vlakdekkend werkt. Het kan informatie verwerken over aanwezige weerstanden in de vorm van vegetatie en
baggerslib. Het kan uitgebreid worden met een vegetatigroeimodel, om zo meer voorspllend te kunnen rekenen
n&dat een vegetatieopnames gemaakt.

De resultaten uit 2016 laten zien dat de ontwikkelde methode werkt. De combinatie van de full spectrum camera
met de UAV/drone is waardevol, omdatdaarmee de gewenstegrote(re) opnamehoogte bereikt kan worden.
Opnames van geringe(re) hoogte blijkemoeilijk te verwerken. Diverse beeldverwerkende software is succesvol
toegepast. Er zijn indices berekend op basis van de spectrale banden déadwerkelijk informatie bevatten over

de aanwezigewatervegetatie.

Doorkijk naar toepassingen inde nabije toekomst

De door ons voorgestelde werkwijze, gebruik makend van nieuwe technologie, levert een vliakdekkeshoge
resolutie (ordegrootte cm) informatieproduct op over de toestand (biomasa, dichtheid) en aanwezigheid
(locatie) van waterplanten in de watergangen, met een bepaalde/gewenste frequentie in de tijd. Waterplanten die
aan de oppervlakte zichtbaar zijn zullen sowieso onderdeel van de informatie zijn. In een bepaalde mate zullen we
in staat zijn ondergedoken waterplanten te herkennen ete karteren. Patroonherkenning kan op termijn leiden

tot benoeming vanvegetatiesoorten. Naar verwachting kunnen wale nu genomen eerste stappehinnen enkele
jaren omvormen tot een in de praktijk bruikbaar product (2018-2019).
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1 INTRODUCTION

1.1 GENERAL

Seasonal development of vegetation in streams and rivers can introduce enlarged flow obstruction, and
increased flood risk upstream of dense vegetation patches. At the same time vegetation is a natural
aspect of flowing waters and valued for its ecological services and provision of habitat for other
organisms. Therefore, aquatic vegetation is an explicit parf the EUWater Framework Directive (EU
WEFD), aimingto meet thewater quality targets by 2015, 2021, and2027.

When vegetation obstructs flow it must be removed by mowing, cutting down trees etc. Methods to
determine the threshold of acceptable levels obiomass in streams are for example relationships
between discharge and water levels: when water levels upstream increase beyond a given point with a
given discharge the overall roughness in the channel has increased too much as a result of vegetation
development and mowing must be carried out. When discharge capacity is becoming too smfdlid
assessments must be carried out to identify where and how much vegetation must be removed.
Currently this is often done based on expert judgement by individual peoms, while objective
guantifying methods are lacking.

Regional water authorities usually have limited information and knowledge on stream vegetation.
Generally, mint or section (typically 100 m long) measurements are available at a small number of
moments in time and space This hampers theconnection of EU-WFD field monitoring achievementgo
hydraulic aspectsand has negative feedback on policy aspects and measures taken to enhance the
presence and quality ofaquatic vegetation.

1.2 SHORT DESCRIPTION OF ROJECT

We used an innovative fullspectrum camera to make images of thésemi)aquatic vegetation in and
around a number of pilotwater bodies. Emegent (shoreline) vegetation as well as submesed aquatic

vegetation (SAV)were monitored, taking into accountthe effectsturbidity of the water and water levels.
We usel both afixed position for obtaining the imaging at specific spots, as well adtaching the camera
to an Unmanned Aerial Vehicle (UAV) or RRmotely Piloted Aircraft System (RPAS)to enable aerial

mapping from the sky. Wedevelopedan algorithm to process thefull spectrum images into maps of
aguatic vegetation, in terms of type, size, shape, and &erial coverage. This informationcan be

translated into hydraulic flow resistance to be usedn modelling water flow dynamics inwater systems.
Also, the information can be used to determineEU-WFD-targets. The combination of the hydraulic
consequences andobserved vegetation types with an ecological added value, wilenhance the
management strateges that water authorities can apply regarding operational water course
maintenance.
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Field work wascarried out in both The Netherlands at sites provided by the end users involved, agll
as in Korea at the KICTRiver Experiment Cenér (REC) At the REC a controlled setup of emergent
vegetation is present in the 1:1 scale open air laboratorfpr surface water systems.

The project teamincludes expertsof research institutes (Deltares, KICT) combined with SMEKICT-
Joint Venture, KnowHO) and end usergWater Board Rivierenland and WaterBoard Aa en Maas)The
techniques developed in this project can be applied both for the Dutch Water Managemeas well as
for water managerselsewhere in the world. Wehave been communicating about the projedn Dutch
and in English, to provide present and futurevater managers and usersvith information and updates
about ongoing research andlevelopments

1.3 OPERATIONAL MAINTENANE OF REGIONAL WATERYSTEMS

Regional Water Management Authorities in The Netherlands (Water Boards) face operational
maintenance challenges with respect to aquatic vegetation and sludge removal from in and around
surface waters. Maintenance needs to be planned, implemented, checked, and financed every year. The
water system is divided into variaus types of water courses. The three most common types are main
channels, tributaries, and farmscale ditches. Each type has its own management rules and targets with
respect to the discharge of rainfall excess and to the intake of water. During winter teérthe vegetation
presence in the water system is usually low and as such does not significantly contribute to risk of
flooding during and shortly after heavy rainfall. However, climate change effects on rainfall and
evaporation during the growing season sem to lead to more frequent and more intense rainfall events.
This causes more pressure on the operational hydraulic functioning of the water system and on the
management of theaquatic vegetation. Therefore, the Dotteiproject aims to provide an improved
toolbox for Regional Water Managementauthorities to meet these new and increased challenges.

The current maintenance strategy is such that the vegetation in water and on both shores should not
hamper the hydraulic functioning of the water course. In pradte, this means that the water levels
should not exceed certain threshold levels for a given discharge rate needed to transport water through
the system. As a result of this maintenance strategy, the vegetation in and around water courses is
removed once @ several times each growing season.

The EUWater Framework Directive (EU-WFD) focuses on healthy andcologicalsound groundwater
and surface water systems. Within the biological part of th&aU-WFD policy targets, the aquatic
vegetation plays a significahrole. There needs to be a balance between hydraulic and ecological needs
and policy targets set. Also national legislation in The Netherlands on the protection of fauna and flora
leads to restrictions on water system maintenancedowever, removal of allaquatic vegetation in and
around surface water systems, put& U WFDtargets at risk.
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Regional WaterManagementAuthorities in The Netherlands are using calculation tools to couple field
measurements on water levels with model calculations on water flow, lraulic resistance, and

resulting water levels in sections of the surface water systeniz-rom a physical point of view, flow is

hampered by vegetation, causing soalled resistance to flowm(Figure 1.1). Higher flow resistance leads
to higher surface water evels in the watersystem. Thesetools relate vegetation to flow resistance, to
give direction to reduce possible flooding risk dang the growing season. Here wegjive two examples

of such tools.

The first example is the secalled MaaiBOSool, a decision support system to facilitate operational
maintenance (Water Board Aa en Maas)With a 1D hydraulic SOBEK model, water flow in sections of
the water system is calculated, without any vegetation being present. Using2& year return period
discharge rate event, a critical Manning roughness parametaiis calibrated to field data. This discharge
rate and parameter value lead to a set of surface water levels across the section under consideration.
After this, a range of discharge rates is usdd calculate different sets of water levels. In daily operation,
field data are available on discharge rates at weirs and water levels (better: hydraulic heads) in sections
between weirs. These are compared to the calculated water levels, given the disaerates measured.
As soon as measured water levels in the field exceed the calculated water levels with the criticadalue,
the conclusion is drawn that aquatic vegetation present in the section is causing too much resistance to
water flow. Removal ofthis vegetation in the section under consideration is a way to solve the hydraulic
problem, decreasing flood risk after a possible rainfall event in the near future on one hand, and
increasing the irrigation water supply capacity on the other.
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Figure 1.1.Cross section & water coursewith an aquatic vegetation pattern(Hendriks et al., 2016)
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The second example is théVater Board Rivierenland MS Excelool that is to some extent comparable

to the MaaiBOSool. The tool uses the actual measured water levels and discharge rates, the calculated
slope of the hydraulic head in a section, and the theoretical and targeted section water level in the
summer period/growing season. The thickness of a sludge layer @sent is taken into account to
decrease the crosssection depth. The wetross-sectionalprofile of the water course combined with the
targeted water level in summer is used to calculate the crossectional average flow velocity. With this,
the hydraulic radius can be calculated and the Manning roughnessparameter can be derived. Using
this calculatedn-parameter, the % vegetation coverage of the 2D cross section is calculatedhe tool
according to a linear relationship:

POEéVQI OORE WP @

If this coverage exceeds the threshold value of 50%he MS Excelool of Water Board Rivierenland
suggeststo remove part of the aquatic vegetation in thespecific section.

In the Dotter-project, attention has beerpaid to these and similartools. Bagd on knowledge, references
and expert judgment, recommendations are given to improve existing tools and to feed future tools with
new type of information regarding presence of aquaticvegetation, as collected bygpectral imaging of
water systems.

1.4 PROJECTORGANIZATION

The projectincludesthe following five partners. Two water authorities are cooperating with the project
team as endusers. The following organizations andgpecialists wereinvolved:

Deltares:
Ellis Penningz project leader, ecehydraulics, vegetation parameters
Mike van der Werfz UAVRPASand camera expert
Rick Noorlandtz software development forthe interpretation of camera images

KnowH 20:
Gé van den Eertwegly hydrologist and water quality expertz experience and link with water
managenent practices and ecological interpretation according to EWVFD standards

University of Twente:
Koen Berendsz hydraulic modelling tool development

KICT:
Jong Uk Ry project leader for REGexperimental setup and data interpretation
Un Jiz senior fluvial expert z coupling of data to flow parameters and analytical interpretation
Sang Hva Jungz eco-hydraulics
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Eun Jinz UAVRPASexpert

KICT Joint Venture:
Joongu Kang CEO of KICT Joint Venture, responsible for the personnel management of the REC
experiment

Regional water authorities NL :
Ronald GylstraJudith van Tol,Sante Dorigg Vincent Struikz Water Board Rivierenland
Mirja Kits, Pim van SantenJappe Beekmag Water Board Aa en Maas
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2 QURRENT KNOWLEDGE RESEARCH QESTIONS AND PROJECT
TARGETS

2.1 INTRODUCTION

In case of operational water management, water system maintenance aiming at a sufficient hydraulically
as well as ecologically functioning, is not an easy tasllimate change effectslike an increased chance
on high rainfall events during the growing seasoncall for a balance between flood risknanagement
and measures to meetEU-WFD-targets, in which aquatic vegetation is an important factor. Water
authorities therefore need information on the actual status of the aquatic vegetation, on water levels as
a result of hydraulic resistance due to vegetation, and on the %coverage and vegetation typessent.

2.2 QURRENT KNOWLEDGE

2.2.1 Hydraulics and flow resistance by plants

Resistance to water flow may have several causes, all resulting into drag forces, like bottom and wall
roughness, sludge present, and vegetation in and around the water course. Vegetatammes in all
different kinds of sizes, shapes, and strengths, which partly or completely prevent bending. Also,
vegetation can be emergent, submeed, floating, or attached to the bottom or side of the water course.
Besides this, aguatic vegetation can havan effect on retention of sedimentsAlso, dissolvedparticles
may deposit after entering a vegetation patch.

Effect of vegetation type on hydraulics of stream

Vegetation in streams changes the total roughness and conveyance capacity of a stream. Gisaing
biomass during the growth season affect this roughness. Not every vegetation type will change in the
same manner and to the same extérover the season. The roughness of vegetation depends on the
flexural rigidity of the plants and on their biomass r unit of surface area. A common way to classify
the roughness of vegetation, is to quantify the number of stems peraythe diameter and rigidity of these
stems and their height in relation to the water depth (Baptist 2007; Van Velzen et al 2003).
Additionally, a distinction must be made between species that are present in winter and summer time,
versusthose which will die back in winter time. Perennial species that stay also during tiveinter season
are often emergent and rigid shoreline vegetatiorspecies such as reeds and tall grassese, lisdodde

en liesgras). Other species will develop yearly from seeds or root systems and are often less firm,
submersed or floatingand found in the true aquatic part of the stream (0.a. hoornblad, fonteinkruide
gele plomp, sterrenkroos kleine egelskop etc.).
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leading to extra loss of energy of flow (e.g., Zong and Nepf, 20Igure 2.J. In different ways,
vegetation directly and/or indirectly may cause extra resistance to water flow. Huthoff (2012) studied
the influence of wake turbulence on flow resistance in channels.
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Figure 2.1 2D flow pattern around a finite vegetation patch (after: Zong and Nepf, 2010)

VargasLuna et al. (2014)(Figure 2.2) summarize an extensive dataset of experiments on artificial and
real plants and flow resistance. They distinguish in their analysis submsed and emergent conditions.
They show and compare different approaches byifflerent authors to calculate flow resistance by
vegetation, using identical datasets. Their analysis shows that Klopstra et al., 2007, Baptist, 2005 (see:
Baptist et al., 2007), and Cheng, 2011, come up with relatively well calculated resistance factas,
compared to other authors, both for emergent and submeed plants. The equations by Baptist et al.,
2007, are implemented in the Delft3D open source software packagettp://www.oss.deltares.nl) .
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Figure2.2 Geometric properties schenoéreal (left) and artificial rigid plants (right) (after: VargasLuna
et al., 2014).

Effects ofaquatic vegetation on water level

The amount and location of vegetation in the cross section of a stream will influence the water levels
upstream. Below figure illustrates the effect of location andquaticOACAOAOET T AAT OEOU E
OOOAAIT & 1T AATTAA ET t&pdslagptvach (BABGEINW) tddsdess G AfRdE af
vegetation on flow dynamics and water levels. The model stream is 500 m long, and vegetation was
added in a variety of mannergFigure 2.3). For example, by adding vegetation to the full stream, only at

OEA OET OAOGHR TT1U 11T 1TTA OEAA 1T &£ OEA OOOAAI 10O xE
In the left hand side figuresthe calculated flow velocities arepresentedand in the right hand figure the
resulting water levels over the section. This shows that location and density of the vegetation are

important for the upstream water level.
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Figure 2.3. Effect of location and density afjuatic vegetation on water level and flow patterns in a fictive
stream of 500 m long (source: Jasper Dijies Deltares)

The effects of vegetation on water level can be both positive and negative: In dry periptiee aquatic
vegetation will retain water upstream, while in wet periods the same vegetation blocks discharge and
increases the risk of local floodnC8 4EEO AAI 10 A O A CiiT A O1 AAOOO
vegetation. Due to the increasing intensity of summer showers, local downps are becoming more

likely to cause sudden discharge problems during otherwise dry periods. This increases the quexity

of proper vegetation management. Current tools do give overviews based on the assessment of a full
stream section, but cannot predict yet where in the section true probleswill arise during a rainfall

event.

Effect ofaquatic vegetation on flow elocities and flow dynamics

Under good ecological conditionsaquaticvegetationdoes not cover the full width of a channel but exists

in patches of different species. This results in a varied flow dynamics and sedimentatigatterns
(Schoelynck et al 2012; Figure 2.4. Water will choose the path of least resistance and meanders around
the patches. Higher flow speeds outside the patches will create local scour and thus larger water depths
than inside the patch. The low flow velocities in the patch willesult in additional sedimentation inside

the patch, resulting in a diverse stream bed. These dynamiosay result in a higher habitat diversity,
which is benefidal for the biodiversity of the macro invertebrate andfish community.
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Figure2.4.Vegetationpatch distributions in a stream stretch and
related water depth(source Schoelynck et.a2012).

2.2.2 Ecological targets and plants

The EUWater Framework Directive (WFD; 2000/60/EC),
requires an integrated approach to the monitoring and
assessment of the quality of surface water bodies in the
European Union. The assessment of ecological status takes into
account the effects at the populatiorand community levels,
guantified by the use of specific indices and ecological quality
ratios. The chemical status assessment is based on compliance
with legally binding Environmental Quality Standards (EQSSs)
for 53 selected chemical pollutants (prioritysubstances) of EU
wide concern.

For macrophytes, the presence ofdifferent speciesand their
abundanceare important factors. Theabundanceis split into
emergent, submesed, floating, flab, and duck weed, within the
area of presence. Also the %coverage drotal coverage is
important, given the conditions of the monitoring location like
water depth and length/width. The width and length of the
water course shore line, in which specific vegetation is present,
is relevant.

Surface water bodies are categorized into different types, into
salt/brackish and freshwater, into lakes and rivers, into marmade channels and natural small streams.
They can be either stagnant or freely flowing. Different water types have different ecajwal standards
and targets. In The Netherlands, we distinguish betwee®@ AAT 1 T CEA AT 1 GETiODu@h) for OOA G
natural water systemh AT A ET OAAT 1 | C BERN Dutch) fQrlartifigial Brid Gekiid E A1 &
modified water systems

(@]!

The Dotter-project introduces innovative monitoring, usingspectralimages, which should be capable to

deliver monitoring information, comparable to the current monitoring methods. Two relevant elements
appearto be important, the recognition of specific plant specig and their abundancyThe recognition

of specific plants will be based on shape, size, and pattern on one hand, and on specific spectral reflection

of sunlight onto the (submesAAQ DI AT 008 /1 AA @GddhideBEEA /D | AN GXOA AN
spedral EI ACAh AAT 11T CEAAIT ETT xI AACA AAT 6O OEA bl AT 00«
obtain hydraulic resistance characteristics. SecondlfE U-WFD monitoring can profit from t he results of

the spectral observations. The innovative monitoring will obtain continuous aerial observationsof the
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